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Abstract 
The properties of the cell surface of Aeromonas salmonicida were 
studied, with particular emphasis on the additional surface layer 
(A-layer), found on virulent strains. This was identified by electron 
microscopy, as having a tetragonal subunit morphology; and by 
e*ectrophoresis of membrane components as a 51 kdal protein on A+ strains. 
A and A- strains, (the latter isolated by growth at elevated temperature), 
were compared biochemically and their interactions with various cell 
types investigated. 
Strains of A. salmonicida possessing the A-layer were shown to be 
more hydrophobic than those devoid of this protein. The influence of 
culture age, medium composition and subculture on hydrophobicity were 
investigated and hydrophobicity related to culture characteristics. 
+ No difference in enzyme susceptibility between A and A 
A. salmonicida was found and both phenotypes showed similar tolerance 
to other env~ronmental conditions. 
The interactions between A. salmonicida and cells in vitro were 
studied using adhesion and association assays involving radiolabelled 
bacteria, viable count determinations, haemagglutination and 
chemiluminescence. 
A+ A. salmonicida were found to adhere to a greater extent than 
A- bacter~a to t~ssue culture cell lines and to isolated fish tissue by 
non-specific hydrophobic interactions. Adhesion was maximal to a fish 
epithelial cell line and the effects of various environmental conditions 
on adhesion were determined. A- bacteria more commonly exhibited 
haemagglutination which was inhibited by specific sugars. 
A+ bacteria associated more than A- organisms with mouse peritoneal 
macrophages and rainbow trout phagocytes when in salts solutions. The 
effects of opsonization on A. salmonicida were strain dependent. 
Incubation in a variety of sera resulted in a decrease in A+ surface 
hydrophobicity, often accompanied by abolition of characteristic 
autoagglutinability, whereas opsonized A- cells became more hydrophobic. 
These properties directly influenced the chemiluminescence response of 
trout macrophages. 
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CHAPTER l. INTRODUCTION AND LITERATURE REVIEW 
1.1.0 Introduction 
Aquaculture has been defined as 'Man's attempt, through inputs of 
labour and energy, to improve the yield of useful aquatic organisms by 
deliberate manipulation of their rates of growth, mortality and 
reproduction' (Reay, 1979). Attempts have therefore been made to remove 
constraints to productivity so that growth exceeds mortality, usually by 
simplifying the ecosystem. The intensive fish farm system, where 
environmental variability, population age and species diversity are 
minimised, is inherently unstable (Reay, 1979) with disease control 
being a major priority. Disease outbreaks can be devastating and are 
encouraged by the high density stocking of susceptible hosts. 
The most important bacterial disease affecting freshwater fish ~s 
furunculosis, caused by Aeromonas salmonicida (McCarthy, 1975; 
Winton ~~·· 1983). The bacterium has been isolated throughout the 
~orld (McCarthy & Roberts, 1980) and infects both wild and captive fish 
(McCarthy, 1975). In the mar~ne environment, vibriosis caused by 
Vibrio anguillarum is the most prominent bacterial pathogen (Anderson & 
Conroy, 1970; Bullock & McLaughlin, 1970). Other piscine bacterial 
diseases and their aetiological agents include bacterial kidney disease 
(Renibacterium salmoninarum), bacterial gill disease (mainly unclassified 
myxobacteria), bacterial haemorrhagic septicaemia (Aeromonas liquefaciens 
and Pseudomonas fluorescens), coldwater disease (Cytophaga psychrophila), 
columnaris (Flexibacter columnaris), enteric redmouth disease (Yersinia 
ruckeri), fish tuberculosis (Mycobacterium sp . ), salt water columnaris 
(Sporocytophaga sp . ), ulcer disease (Haemophilus piscium) and white 
perch pasteurellosis (Pasteurella piscida) (Bullock & McLaughlin, 1970; 
Fryer & Sanders, 1981; Pacha & Ordal, 1962; Wood, 1974; Wolke, 1975; 
Winton ~ ~., 1983). 
Aquaculture has been practised for four thousand years, with the 
earl iest records coming from China and the Far East. According to the 
Food and Agriculture Organisation over 6,029,289 tonnes of material were 
produced worldwide through intensive culture in 1975, 66% being finfish, 
16.2% molluscs, 0.3% crustaceans and 17.5% seaweeds (Reay, 1979). In the 
United Kingdom salmonid culture has intensified to produce animals for 
food, to restock rivers and for the highly lucrative sport fishing 
industry. According t o a recent survey by the Department of Agriculture 
and Fisheries for Scotland, rainbow trout produc tion rose from 1918 tonnes 
l 
1n 1982 to 2009 tonnes in 1983, 7% of which was used to restock angling 
waters. Atlantic salmon production rose by 18% from its 1982 value to 
2536 tonnes in 1983. Production systems vary, but for trout, freshwater 
cage and pond production 1s increasing, whereas sea water cage and tank 
production appears to be on the decline . 
As a result of the investigations of the 1933 Furunculosis Committee 
(Mackie ~al., 1930, 1933, 1935) the Diseases of Fish Act (His Majesty's 
Government, 1937) was passed . This was "An Act to prevent the spreading 
of the disease among salmon and freshwater fish 1n Great Britain" and 
restricted the import of live fish and eggs, could be used to designate 
infection areas upon the outbreak of disease, and made furunculosis 
notifiable. An amendment to the Act was passed in 1983 removing 
notification with respect to trout (Diseases of Fish Act, Her Majesty's 
Government, 1983), as the disease appears to be endemic, but retaining 
notification for salmon in Scotland because of the commercial importance 
of the Scottish salmon industry. The prevalence of furunculosis appears 
to be on the decline, although the reasons are not obvious. Better 
husbandry techniques and the increased availability of antibiotics are 
probably important factors. In England the frequency of outbreaks 1s 
also dependent on the geographical area, with less disease in the North , 
possibly because of the combination of lower water temperature and fewer 
fish farms. 
The most effective method of reducing the frequency of disease by 
an endemic pathogen is to vaccinate the susceptible population . The 
effectiveness of vaccination may be enhanced by a knowledge of the 
pathogenic mechanisms of the microorganism. To understand the 
pathogenesis of furunculosis the host-pathogen interaction must be 
studied from both sides. Only recently have advances been made 1n 
understanding this relationship with the detection and characterization 
of extracellular toxins (Munro, 1982) and recognition of the importance 
of structural components of A. salmonicida (lshiguro & Trust, 1981 ; 
Ishiguro ~ ~·· 1981; Kay ~~· · 1981; Udey & Fryer, 1978). Bacterial 
surfaces are often of key importance in pathogenicity (Smith, 1977), 
being the cellular component in immediate contact with the host. 
This study was devised to investigate the role of cell surface 
properties of A. salmonicida in some in vitro interactions with a variety 
of cells , with the eventual aim of relating such observations to the 
disease process and application to disease control measures. 
2 
1.1.1 Classification of A. salmonicida 
A. salmonicida, a member of the Vibrionaceae, ~s a short Gram-
negative rod. The bacterium is non-motile, oxidase- positive, does not 
produce acid from sucrose or xylose and is unable to grow at 37°C . Most 
strains produce a brown melanin-like pigment when grown on agar 
(McCarthy, 1975). 
A study of the literature shows that there has been much debate 
concerning the classification of A. sa l monicida (McCarthy & Roberts, 1980) . 
The first isolation of the bacterium as the aetiological agent of 
furunculosis was in 1894 by Emmerich & Weibel . The organism was named 
Bacterium salmonicida by Lehmann & Neumann (1896) and it was this 
classification that McCraw (1952) cited in his extensive report on 
furunculosis, in which B. salmonicida was described as a Gram-negative, 
non-motile short rod which often occurred ~n pairs . 
The lack of a comprehensive description of B. salmonicida prompted 
Griffin~~- (1953) to undertake a detailed study of the physiological 
and biochemical characteristics of the bacterium. The influence of 
environmental factors on the fo rmation of the characteristic brown pigment 
was emphasised and it was suggested that the organism be placed in the 
new genus Aeromonas (Griffin~ al . , 1953). This recommendation was 
implemented by Snieszko in the 7th edition of Bergey's Manual of 
Determinative Bacteriology (Breed~ al., 1957). Retention in the genus 
Aeromonas was questioned by Eddy (1960) who pointed out that lack of 
motility and inability to produce 2,3- butanediol did not conform entirely 
with the characteristics of the genus . Smith (1963) compared 90 strains 
(B . salmonicida, Aeromonas species and non-pigmented fish pathogens) 
using numerical taxonomy and suggested that B. salmonicida should be 
placed in a new genus, Necromonas . Smith (1963) also reported non 
pigment- producing forms which she named as a new species N. achromogenes . 
This designation of a new genus was not accepted in the 8th Edition of 
Bergey's Manual where the bacterium was replaced ~n the genus Aeromonas 
and the species salmonicida divided into subspecies salmonicida 
(typical pigment-producing strains), achromogenes (non pigment - producing 
strains) and masoucida (i solated by Kimura (1969) ~n Japan). The number 
of atypical strains on which this classification was based was considered 
too few by McCarthy ( l977a). By employing 176 characterization tests 
and DNA homology comparisons on 34 atypical strains of A. salmonicida 
and lll other bacteria (typical A. salmonicida and A. hydrophila), 
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A. salmonicida was shown to be related to A. hydrophila, thereby finally 
abolishing the suggestion of the genus Necromonas (McCarthy, l977a). 
McCarthy (1978) classified A. salmonicida into 3 subspecies: salmonicida-
typical strains, achromogenes - atypical strains isolated from salmonids 
and ~ - atypical strains isolated from non-salmonid fish. 
1.1.2 Host range and pathology of A. salmonicida infections 
A. salmonicida was originally isolated as a trout pathogen 
(Emmerich & Weibel, 1894). It is now recognised that salmonid and 
non-salmonid fish can be infected and the range of disease manifestations 
is wide (Cipriano, 1983). In addition the clinical signs of infection 
depend on the infecting strain of the bacterium. 
Because furunculosis is enzootic wherever intensive salmonid culture 
~s practised, the bulk of investigations have involved trout and salmon. 
The host range includes many coarse fish as well as salmonidae 
(McCarthy, 1975). Until recently A. salmonicida had only been isolated 
from one species of marine fish, the Sable fish (Anoplopoma fimbria) 
(Evelyn, 1971), but now atypical strains have been isolated from 
Atlantic cod (Gadus mortiva, L) (Cornick et ~·, 1984) and eels 
(Anquilla rostrata and japonica) (Davis & Hayasaka, 1983; Iida ~ ~·· 
1984; Kitao ~al., 1984; Ohtsuka ~ ~·· 1984). Therefore this 
bacterium, originally considered a pathogen of freshwater fish, appears 
equally capable of causing disease ~n the marine environment. 
Novotny (1978) found juvenile chinook salmon (Oncorhynchus tshawytscha) 
to be highly susceptible to furunculos is when subjected to the physical, 
environmental and osmotic stress following transfer to sea water. He 
also noted that the disease could be carried in a latent state in the 
fish from fresh to sea water, a situation which also occurs with rainbow 
trout (Larsen & Mellergaard, 1981), highlighting a serious problem in 
salmonid mariculture. 
Within the Salmonidae there is a range of susceptibility to 
furunculosis with salmon (Salmo salar), sea or brown trout ( Salmo trutta) 
and brook trout (Salvelinus fontinalis) being less resistant than 
rainbow trout (Salmo gairdnerii) and grayling (Thymallus thymallus) 
(McCraw, 1952; McCarthy, 1975; Bucke, 1980) . Although rainbow trout are 
the least susceptible, the disease is often studied in this host because 
of its commercial importance in fish culture and its ease of maint enance 
in laboratory aquaria. 
The pathology of furunculosis has been extensively reviewed by 
McCarthy & Roberts (1980) and in salmonids can be divided into 4 types: 
peracute, acute , subacute and chronic. The peracute condition occu rs 
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in fingerling fish where extensive haemorrhaging, due to septicaemia, 
and myocardial necrosis cause rapid death. Acute furunculosis is 
characterised by a sudden increase in mortalities with few or no 
external lesions (Herman, 1968; McCarthy, 1975). Affecting adult and 
growing fish, the resulting bacterial septicaemia causes severe 
histopathological changes with bacterial foci in the anterior kidney, 
spleen or myocardium, hepatic and haemopoietic necrosis, and myocardial 
and renal tube degeneration. The classical "furuncules" appear in 
sub-acute or chronic cases. The heart and spleen are the most obviously 
affected organs with splenic ellipsoids being destroyed and cardiac 
efficiency severely impaired (Ferguson & McCarthy, 1978). Haemorrhaging 
at the base of fins and inflammation of the intestine also feature 
(Herman , 1968 ; McCarthy, 1975). The histopathology of the furuncule 
shows the 'boil' to contain bacteria and large amounts of tissue fluid 
exuda te, necrotic muscle and necrotic blood components. A. salmonicida 
is readily isolated from the furuncules and tissues of infected fish, 
predominantly from the kidney. Little host inflammatory reaction occurs 
against the invading pathogen (Wolke , 1975), although in the recent 
report of infection of Atlantic cod Morrison et al. (1984) described a 
well-developed host reaction against A. salmonicida during which the 
bacteria were surrounded by layers of fibroblastic cells to form cysts . 
Haematological studies of f ish with furunculosis have shown significant 
differences in blood parameters between infected and healthy fish. 
A decrease in haemoglobin concentration ~n the blood of infected Atlantic 
salmon and brook trout has been attributed to haemorrhaging or lysis of 
erythrocytes (Foda , 1973 ; Shieh & Maclean, . l976) with a corresponding 
decrease in haematocrit values (Foda , 1973; Schumacher ~~·· 1956) . 
Shieh & Maclean (1976) found total blood and serum protein, sialic acid, 
fatty acids, triglycerides, cholesterol and phosphorus to be reduced in 
infected brook trout. These workers suggested that the increase in amino 
acids and nitrogenous compounds was due to proteolysis of muscle. The 
proteolytic properties of A. salrnonicida were proposed as the cause of 
the increase in blood urea, creatine and amino acid concentration found 
~n diseased carp (Field~~·· 1944). Hypoglycaemic shock was suggested 
by Field et al. (1944) to explain the rapidity of death. Hmvever , Shieh 
& Maclean (1976) found that infect ion of brook trout resulted in an 
increase in blood glucose. 
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Infections by A. salmonicida of non- salmonid species results in 
various clinical symptoms. An achromogenic strain was first identified 
as the causative agent of carp erythrodermatitis (CE) by Bootsma ~al . 
(1977). The principal diagnostic feature of CE is a very shallow 
haemorrhagic ulcer, inflammation and often secondary bacterial or fungal 
infection (McCarthy & Roberts, 1980). A. salmonicida has also been 
shown to cause ulcer disease and furunculosis in the goldfish 
(Carassius auratus) (Bullock~~·· 1983; Mawdesley-Thomas, 1969). 
Infection of cod resulted in necrotic ulcers at the skin surface with 
leucocyte infiltration (Morrison ~al . , 1984) and ~n eels the obvious 
symptom of A. salmonicida infection was ulceration of the head and body 
with a swollen head and with SO- 60% mortality (Iida ~ ~. , 1984; 
Kitao ~al., 1984; Ohtsuki ~~., 1984). 
In addition to clinical furunculosis it ~s evident that many 
apparently healthy fish are carriers of A. salmonicida in a latent 
form (McCarthy, 1977b) . Using heat shock and immunosuppressive 
corticosteroid injections,various workers have found that fish initially 
showing no signs of disease have developed furunculosis (McCarthy, 1977b) . 
Populations of trout have been shown to have carrier rates of SO - lOO% 
(Andrews, 1981; Scallan, 1983) . Carrier rates can vary with the time of 
year - Jensen & Larsen (1980) found that the maximum carr~er rate ~n 
brown and rainbow trout was restricted to the summer and occurred with 
the appearance of clinical furunculosis. The stress of increased water 
temperature is commonly found to activate the disease (Novotny, 1978) . 
The site of latent infection appears to be the kidney (Scallan, 1983) 
where A. salmonicida antigen has been demonstrated using fluorescent 
antibody techniques. 
1.1.3 State of A. salmonicida ~n the environment 
Furunculosis is generally thought to have been introduced into 
Europe in 1880 by rainbow trout imported from North America. By the 
early 1900's the disease was found to be present in Austria, 
Switzerland, Belgium and France and by 1911 it had been confirmed ~n 
Britain (McCarthy, 197S; McCarthy & Roberts, 1980). A. salmonicida 
has now been isolated worldwide (Ferguson & McCarthy, 1978). Despite 
much investigation the route of transmission of furunculosis is not 
known. A. salmonicida ~s generally considered to be exclusively a 
pathogen of fish (Cornick ~ ~·· 1969; McCraw, 19S2) without a 
significant saprophytic nature. 
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Fish appear to be passive conveyors of microorganisms 1n the aquatic 
environment (Potter & Baker, 1961) and potential pathogens can be isolated 
from apparently healthy hosts (Evelyn & McDermott, 1961; Davis & 
Hayasaka, 1983; Trust & Sparrow, 1974; Yoshimizu & Kumura, 1976; 
Yoshimizu ~~·, 1976). Serum agglutinins against such 'commensal' 
bacteria have been reported (Bul lock & Snieszko, 1969). Relatively high 
numbers of Aeromonas species have been isolated from trout mucus 
(Evelyn & McDermott, 1961) and salmonid alimentary tracts (Trust & 
Sparrow, 1974; Yoshimizu & Kumura, 1976). However, Yoshimizu et al. (1976) 
discovered that seawater salmonids contained mainly Vibrio species, 
whereas in the freshwater environment Aeromonas and Enterobacteriaceae 
were predominant. 
The aquatic environment contains many possible sources of 
A. salmonicida including diseased or carrier fish, other animals, water, 
mud, pond sediment and fish farm equipment (McCarthy & Roberts, 1980). 
Many studies on the survival of A. salmonicida in various environments 
have been performed but have been inadequate because of the use of 
distilled or sterilized water as opposed to the naturally organically 
rich habitat (McCarthy & Roberts, 1980). By using a streptomycin-
resistant strain of A. salmonicida, McCarthy (l977b) found that this 
bacterium survived for 24 days in brackish water, 17 days in fresh 
water and 8 days in sea water. He also suggested that the bacteria were 
introduced by carrier fish and that the spread of the disease was 
dependent on environmental conditions. Dubois-Darnaudpeys (1977) showed 
that A. salmonicida survived for up to 50 days in r1ver water. This was 
dependent on pH and t emperature, maximal survival being at 4°C . In a 
previous study Ross & Smith (1974) had shown survival to be greater at 
l5 . 6°C than 2l.l°C. 
The numbers of A. salmonicida are high in carcasses of infected fish 
and the organism can be recovered from fish tissue for up to 30 days 
(McCarthy, l977b) . Accordingly, dead infected fish constitute a 
significant source of infection through ingestion or tank water 
contamination. These sources are exacerbated with the disintegration 
of the carcass. 
Vertical transmission of A. salmonicida has been proposed 
(McCarthy , l977b), although generally the bac terium has not been isolated 
from the eggs of infected fish (Mackie ~ ~., 1930). 
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Some post-epizootic searches for A. salmonicida have been negative 
(Schwartz, 1963) but this may be due to inadequate or inappropriate 
isolation techniques. It has been difficult to isolate A. salmonicida 
from mixed bacterial populations (McCarthy & Roberts, 1980) due to 
growth inhibition by other bacteria (Cornick ~al . , 1969) or the 
extremely slow growth and fastidious nature of some isolates (Bucke 1979) . 
Detec tion of the pathogen has mainly been by the assessment of 
viable bacteria, although methods have been devised for detection of 
A. salmonicida antigen in fish tissue (McCarthy, 1975a). However, in a 
recent investigation, Allen-Austin ~al. (1984) found that although the 
plate counts of some fresh wa t er samples were ze ro, viable bacteria 
could be recovered after the addition of nutrients to the medium . 
This possibility that A. salmonicida can survive outside the fish ~n 
aninactive state has important implications in the ecology of 
furunculosis and, together with the phenomenon of latent infection, 
c r eates difficulties in disease control. 
1.1.4 Control of furunculosis 
The occurrence of A. salmonicida infection may be prevented by good 
husbandry techniques such as (1) stocking farms with fish or ova from 
furunculosis-free sources; (2) routine disinfection of ova, equipment 
and tanks; (3) maintenance of optimum environmental conditions 
(especially temperature); (4) not allowing feral fish into the water 
supply and (5) the removal of unhealthy stock (McCarthy, 1975). The 
siting of fish farms with a prime quality uncontaminated water supply, 
e .g. from a spring , and improvements in fish handling techniques to 
reduce stress are especially important (McCarthy & Roberts , 1980; 
Shepherd & Poupard, 1975 ) . 
1.1.5 Vaccination 
Knowledge about the causative agent of an infection ra~ses the 
possibliity of vaccinating the suscept ible population. Until recently, 
production of a vaccine aga ins t A. salmonicida has been attempted on 
a n empirica l basis. A more r ational approach to elucidating the 
vi rulence determinants of this bacte rium and their interactions with 
the fish immune r esponse should accelerate the production of a 
protective vaccine. 
Vaccination procedures are dependent on many factors including 
the disease pathology, properties of the microorganism, laborator y 
challenge systems , choice of antigen , formulation of the preparation and 
commercial conside rations (Wa rd, 1982). Three techniques for 
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administering antigen to fish have been employed: injection, direct 
immersion of animals in a vaccine bath and oral intake( Evelyn, 1977; 
Ward, 1982) . 
For over 50 years attempts have been made to protect fish against 
furunculosis by vaccination but results have not been conclusive. 
Concise reviews of investigations in this field have been provided by 
Paterson (1981) and Michel (1982). 
The initial work was by Duff (1942), who used an orally administered, 
chloroform- killed, vaccine of a virulent strain of A. salmonicida . 
Infection of cut throat trout (Salmo clarkii) with virulent bacteria ~n 
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a bath challenge resulted in mortality rates of 25% in the vaccinated 
group compared with 75% in the control. Lower protection was obtained 
when trout were challenged by intramuscular injec tion. Since this 
report many trials using different administration and challenge methods 
have shown that vaccination can confer protection against furunculosis. 
The effectiveness of oral vaccination is variable (Snieszko, 1970) . 
Several workers have shown protection (Duff, 1942; Smith~~·· 1980; 
Klontz & Anderson, 1970) whilst in other invest~tions no protection was 
induced (Snieszko & Friddle, 1949; Spence ~al . , 1965; Udey & 
Fryer, 1978; Michel, 1979). 
In some studies oral vaccination did not stimulate antibody 
production (Udey & Fryer, 1978; Smith~~., 1980) but did stimulate 
the cell mediated arm of the immune response (Smith~ al . , 1980). 
Injection of bacterins has also yie lded confl icting results although 
protection has been generally achieved (Krantz ~~·· 1963; 
Paterson & Fryer, 1974; Antipa & Amend, 1977; Udey & Fryer, 1978). 
The effectiveness of vaccination by injection is enhanced by the 
incorporation of adjuvant with antigen (Michel, 1982; Paterson, 1981) 
and produces a good specific antibody response (Paterson & Fryer, 1974; 
Maisse & Dorson, 1976; Krantz ~al . , 1963; Udey & Fryer, 1978). 
Antipa & Amend (1977) compared intraperitoneal injection and 
hyperosmotic infiltration of vacc~ne. Both techniques resulted in 
specific antibody production and protection. In another study a 
s ignificant degree of protection was produced by hyperosmotic 
infiltration compared with injection in salmon (Pa lmer & Smith, 1980). 
Smith ~ ~· (1980) found oral vaccination to confer a greater degree of 
protection than hyperosmotic infiltration and Johnson & Amend (1984) 
showed 2 minute immersion in vacc ine to be less effective than 
intraperitoneal inj ection . 
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It is obvious throughout the literature that different immunisation 
and challenge techniques have been used by various workers 
( Michel, 1982; Paterson, 1981). Relating efficacy of a vaccination 
procedure to a disease outbreak requires a challenge method which 
resembles the natural disease process and the use of bacterins prepared 
from virulent organisms ( Paterson, 1981). Currently the best 
immunisation procedure would appear to be injection of killed virulent 
A. salmonicida with Freund's complete adjuvant. 
The possibility of using multivalent vaccines for immunising fish 
against a variety of bacterial diseases (Amend & Johnson, 1984) 
highlights the requirement to determine the antigenic components of 
A. salmonicida that are potential immunogens. The two mai n areas of 
investigation are surface structures and toxins. 
The A-layer, present on virulent strains of A. salmonicida 
(Ishiguro ~ ~., 1981; Kay ~ ~., 1981; Kitao ~ ~., 1984; 
Morrison et al., 1984; Udey & Fryer, 1978) is immunogenic (Hahnel 
~ ~., 1983; McCarthy ~ ~., 1983; Olivier ~al., 1985) and 
associated with protective immunity. However, although many 
A. salmonicida bacterins induce a good antibody response (Paterson & 
Fryer, 1974; Paterson, 1981), raised serum antibody titres· do not 
appear to correlate with protection against the disease (Mi chel, 1982; 
Palmer & Smith, 1980; Olivier ~ ~·, 1985). Munn ~ ~· (1982) 
showed that resistance to killing by normal serum was conferred by 
both the A-layer and lipopolysaccharide, whereas in immune serum 
protection was conferred by the A-layer only. Therefore, they suggested 
that elevated antibody levels were unlikely to protect the fish against 
virulent strains, but cell mediated immunity might be more important 
than humoral defence . 
The lipopolysaccharide component of the bacterium is antigenic , 
but whilst being toxic for mice, is not so for fish ( Paterson & 
Fryer, 1974; Wedemeyer ~ ~·, 1968). Chart ~ ~· ( 1984) showed 
structural and immunochemical homogeneity of LPS from typical and 
atypical strains of A. salmonicida and this cell component appears to 
traverse the A-layer to varying degrees in different strains 
(Chart~~., 1984; Munn ~ ~., 1982). 
Var ious extracellular products have been shown to be immunogenic 
(Cipriano , 1983; Austin & Rodgers, 1981; Paterson, 1981) and a 
formalin-inactivated toxoid found protec tive under laboratory conditions 
(Austin & Rodgers, 1981). 
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Because of the variety of pathogenic mechanisms expressed by 
A. salmonicida (1 . 1.7), progress in vaccination will rely on qualifying 
potential virulence determinants in vitro and the assessment of their 
function in vivo. Due to the variety of potential virulence factors 
produced by the bacterium, a whole cell/toxoid vaccine may prove the 
most effective (Austin & Rodgers, 1981). 
1.1.6 Chemotherapy 
Despite correct fisheries management,outbreaks of furunculosis do 
occur and demand fast, effective countermeasures. Antimicrobial 
chemotherapy has proved immensely successful, with drugs being 
incorporated in the feed for internal treatment and in baths to treat 
external lesions (Herman, 1970) . Drugs that have proved effective 
include the sulphonami des sulphamerazine and sulphamethazine 
(McCraw, 1952; Herman, 1970 ; Wood, 1974) , oxytetracycline (Herman, 1970; 
McCarthy, 1975; Wood, 1974), furazolidone (Herman, 1970), erythromycin 
(Wood, 1974) and chloramphenicol (Herman, 1970). McCarthy ~al . , 
(1974a,b,c) found the combination of sulphamethylphenazole and trimethoprim 
to be particularly effective. 
Problems arise with using antibiotics to combat furunculos is. Most 
drugs are mixed with feed pellets and the result must remain palatable 
to the fish . Ensuring that the correct bodyweight dose enters each 
individual fish is impossible and tissue levels of the drug must not reach 
a level at which they may be harmful to the consumer . Pe rhaps the most 
important disadvantage of using antibiotics is the emergence or 
selection of resistant strains of A. salmonicida and their implications 
for human medicine. The possibility of plasmid-mediated drug resistance 
transfer to human pathogens, perhaps involving the R factors of 
Enterobacteriaceae, is of great concern . For this reason, although 
chloramphenicol is highly effective against furunculosis, it is not used 
( McCarthy, 1975). Plasmid-mediated resistance to the drugs mentioned 
has been reported (Aoki ~ ~-· 1972; Popoff & Davine, 1971). Drug 
resistance is less likely to arise with the use of trimethoprim-
potentiated sulphonamides (McCarthy ~ ~. , 1974a,b, c ), combinations of 
which are bactericidal and act by a double blockage in the same · 
biochemical pathway . 
Recently Austin et al. (1983) have shown oxolinic acid to be highly 
effec tive against A. salmonicida infection in laboratory and field 
trials and not to induce plasmid-mediated resistance . 
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Although antibiotics are commonly used and are effective when overt 
signs of furunculosis appear, a more desirable protocol is to employ 
prophylactic measures. 
1.1.7 Pathogenic mechanisms of A. salmonicida 
Hitherto, the selective breeding of furunculosis-resistant salmonids 
has not been successful (Ehlinger, 1977 ; McCraw, 1952) . Instead, the 
inherent resistance of particular species ( Bucke, 1980) may be 
determinative in fish farm policy. A substantially more productive 
approach to disease control is the elucidation of bacterial pathogenic 
mechanisms and their application to vaccine development. 
The main requirements for microbial pathogenicity are the ability 
to ( 1) enter the host, usually by surviving on and penetrating mucous 
membranes; ( 2) multiply in vivo; (3) inhibit or not stimulate host 
defence mechanisms and ( 4) cause damage to the host ( Smith, 1972 & 1978). 
The classical method of investigating the pathogenic determinants 
of bacteria is to compare the properties of virulent and attenuated 
strains of the microorganism. A particular microbial species involved 
in disease may be broadly termed pathogenic with individual strains 
within that species varying in virulence . 
The microbial factors involved in pathogenicity can be divided 
into 3 main areas: toxin production, iron sequestering systems and 
surface factors (Smith, 1972 & 1978) . 
Many bacterial pathogens produce toxins which act directly on 
appropriate targets ( Stephen & Pietrowski, 1981). Membrane-damaging 
toxins are produced by many species, and many interfere with host 
defence mechanisms (Arbuthnott, 198la) . They have been particularly 
well studied in Staphylococcus (Arbuthnott, 198lb). 
Membrane-damaging toxins appear notably important 1n the 
pathogenesis of furunculosis. Cipriano ~al. ( 1981) found a positive 
correlation between virulence and toxicity of A. salmonicida 
extracellular products( ECP) for rainbow trout gonad cells, although 
virulence did not appear to be associated with toxicity for leucocytes. 
Fuller et al. (1977) isolated a leucocidal glycoprotein from culture 
supernatants of virulent A. salmonicida that caused lysis of rainbow 
trout leucocytes, leucopaenia and enhanced the LD50 of an injected 
non-virulent strain. Fathead minnow tissue culture cells are also lysed 
by A. salmonicida extracellular products ( ECP) (Anderson, 1972) . 
Various components of A. salmonicida ECP have been characterised 
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(Michel, 1982). Caseinase has been purified (Dahle, 1971; Shieh & 
MacLean, 1975) and two proteolytic activities shown by Sheeran & 
Smith (1981). Nord ~al. (1975) showed that A. salmonicida produced 
haemolysin, protease, elastase, lipase, lecithinase, DNAse, RNAse, 
amylase and staphylolytic enzymes. A. salmonicida has been shown to 
produce two haemolysins (Titball, 1983; Titball & Munn, 1981 & 1983). 
One lysin (H-lysin) had a broad spectrum of activity against different 
species of red blood cells with maximal activity against horse 
erythrocytes and the second, T-lysin, showed specificity for rainbow 
trout erythrocytes . H-lysin was a single protein with characteristics 
of an enzyme, which was synthesised as an inactive precursor and 
activated by protease. In vitro, this lysin was active against rainbow 
trout gonad cells and leucocytes. The T-lysin was composed of an activity 
causing incomplete erythrocyte lysis (Tl activity) and caseinase 
(Titball, 1983). 
Protease- and haemolysin-negative mutants of A. salmonicida 
showed no ~ncrease in LD100 over parent strains in a study by Hackett 
~ al. (1984). Titball (1983) found no difference in haemolysin 
production between virulent and attenuated strains of A. salmonicida. 
Furunculosis derives its name from the characteristic boil-like 
lesions induced by A. salmonicida infections of the dermis. This 
pathology suggested the production of toxins causing necrosis of the 
tissue. However, initial investigations (Mackie ~al., 1930, 1933, 
1935) found no pathological changes occurred when fish were injected with 
culture and l e sion filtrates. These workers attributed mortality to an 
extensive bacteraemia. Field et al. (1944) found that injection of 
virulent A. salmonicida resulted in hypoglycaemia, suggesting that 
bacteria utilized much of the avai l able blood sugar and caused death by 
hypoglycaemic shock . In addition, the increase in muscle and protein 
breakdown products observed by Shieh & MacLean (1976) implied the 
action of proteolytic enzymes. 
Mackie ~al. (1930, 1933, 1935) noted a lack of leucocyte 
infiltration in their filtrate- injected fish, with Griffin (1954) 
suggesting that this was due to leucocidin production. Klontz ~~· 
(1966) noted that a brief initial leucocyte response was followed by 
leucopenia in the kidney, spleen and site of inoculation after injection 
of bacte ria. 
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Several authors have described pathology similar to natural 
furunculosis infections following injection of A. salmonicida ECP. 
Munro et al. (1980) produced ECP by the cellophane overlay technique 
which proved lethal for fish and resulted in most of the charac teristic 
pathology of the disease. Also, their ECP was cytotoxic for 
erythrocytes, leucocytes, macrophages and rainbow trout gonad cells. 
A proteinaceous culture supernatant factor from a strain of A. salmonicida 
causing carp erythrodermatitis caused vasodilation, ulceration and 
necrosis in the carp (Pol ~al., 1980). 
Another factor in establishing bacterial infection is the 
availability of free ~ron. Bacteria require iron predominantly for 
cytochrome synthesis (Hawker & Linton, 1979), but i n vivo the amount 
of iron available to bacteria is very small as it is bound intracellularly 
to fe rritin, haemosiderin or haem and extracellularly to transferrin or 
lactoferrin (Griffiths, 1983) . The iron-restricted host environment 
therefore induces phenotypic changes in the composition of the outer 
membrane of bacteria, resulting in iron-chelating siderophores ~n species 
such as E. coli, Klebsiella pneumoniae and Salmonella typhimurium 
(Griffi ths, 1983; Ne ilands, 1982) . In E. col i these are termed 
enterochelins and have been particularly well studied (Griffiths, 1983; 
Griffiths ~ ~· , 1985). Under conditions of ~ron limitation, the fish 
pathogen Vibrio anguillarum forms at least 2 novel outer membrane 
proteins, one of which, the 86 kdal OM2 , is only inducible when the 
bacterium contains the virulence plasmid pJMl and is involved in highly 
efficient iron scavenging (Actis ~~·, 1985; Crosa, 1980; Crosa & 
Hodges, 1981 ; Crosa ~ ~., 1980 & 1983) . 
An iron-sequestering system has been s hown for A. salmonicida 
(Chart & Trust, 1983). Growth in iron-limited conditions resulted ~n 
synthesis of seve r al high molecular weight outer membrane proteins and 
both inducible and constitutive acquisition systems were apparent . 
Atypical strains showed a reduced ability to sequester iron from high 
affinity chelators compared with typical strains . 
The surface of bacteria is particularly important ~n pathogenicity 
and is involved in many facets of the host-pathogen relationship, 
including adhesion and interactions with immune cells (Smith, 1977; 
Quie ~ ~., 1981; Wilton, 1981). 
The function of the cell surface ~n the pathogenicity of 
A. salmonicida is not fully understood but a significant advance ~n 
elucidat ing its role in the disease process has followed the observation 
14 
of Udey & Fryer (1978) who described the presence of an additional layer, 
external to the typical Gram-negative cell wall, on the outer surface 
of virulent strains. This 'A-layer' has since been identified on 
isolates from many sources, including salmonids (Kay ~al., 1981), 
goldfish (Hamilton~~·· 1981) and Atlantic cod (Morrison ~al., 1984). 
Analysis by polyacrylamide gel electrophoresis has shown it to be the 
major outer membrane protein of virulent bacteria (the A-protein) with 
a molecular weight of 49-50,000 kdal (Ishiguro ~al., 1981; Kay ~ 
~., 1981; Trust~ al., 1980c). Analysis of the amino acid composition 
showed it to contain a high proportion of hydrophobic amino acids 
(Kay et~., 1981). Loss of A-protein was accompanied by a 104 fold 
reduction in 1050 of bacteria for juvenile coho salmon (Kay ~~·, 1981; 
Ishiguro ~ ~., 1981). The A-layer-positive isolates studied by some 
workers were found to have LD50 values for juvenile salmon of 10 
organisms (Ol ivier ~al., 1985). 
Descriptions of the colony morphology of virulent and avirulent 
strains of A. salmonicida have been varied throughout the literature. 
The accepted correlation is that virulent strains produce colonies which 
can be moved in their entirety ("ice-hockey-puck" ), when grown on solid 
media, and autoagglutinate in saline, whilst avirulent strains do not 
(see Chapter 3). 
Problems have ar~sen ~n associating the virulence of strains with 
their colony characteristics. The early work by Duff (1937) divided 
strains into the non-pathogenic R form characterised by opaque, strongly 
convex, creamy colonies which could be 'pushed about on the surface of 
the agar with a cool loop, without disturbing the form of the colony or 
leaving immediate traces of its passage on the surface', the S form 
which grew to produce translucent, slightly· convex , bluish green, 
butyrous colonies and the G form. The R form produced light floccules 
and the S form even turbidity in broth cultures. The virulence of this S 
form was confirmed by Anderson (1972) although an attenuated S form was 
isolated. Further problems arose with another study in which rough cells 
were fo und to be pathogenic, smooth cells l ess so and G-phase cells 
completely avirulent (Rodgers ~~., 1981). Because of these discrepancies 
it has been recently suggested that the Rand S form terminology, 
originally devised to describe mutations in the 0-polysaccharide component 
of Gram-negative bacteria, be discontinued( Ishiguro ~ ~., 1983). 
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The observation that A-protein covers the whole of the outer surface 
of the bacterium suggests an involvement in interactions with host cells 
(Udey & Fryer, 1978; Evenberg ~ ~·, 1982). The only report of 
attachment of A. salmonicida in vivo is by Schneider & Nicholson (1980) 
who found that the bacterium was common 1n outbreaks of finrot. In this 
study, structures termed by the authors as glycocalyx fibres appeared to 
mediate attachment to the substrate. A role for these fibres as a 
mechanism of concentrating aggressive factors at the host-pathogen 
interface was suggested by Munro (1982). Attachment to erythrocytes, 
as assessed by haemagglutination, has demonstrated surface adhesins 
on A. salmonicida (Trust~ al., 1980b; Brooks & Trust, 1983 ) . 
The genetic basis of virulence is elusive . Neither possession of 
the A-layer nor protease and haemolysin production appear to be 
plasmid~mediated (Ishiguro ~al., 1981; Hackett ~ ~-, 1984). The 
mutation conferring lack of A-layer would appear to be stable since 
A-layer-negative mutants obtained by culture at elevated temperature 
(Ishiguro ~~·· 1981) do not appear to revert even after repeated 
passage through fish (Ishiguro & Trust, 1981). Avirulent strains 
obtained by this method were used in the present study. It is therefore 
evident that A. salmonicida possesses many potential pathogenic properties. 
Most work has been on the production of toxins which can explain the 
gross pathological symptoms of furunculosis . However, the events prior 
to such overt signs of infection are not understood. 
A potential mechani sm to facilitate entry into the fish host and 
evas ion or counteraction of the immune system 1s the A-layer. The 
aims of this project therefore were to study, 1n detail, some properties 
of the A-layer and to re late these to the interaction of A. salmonicida 
with various cell types. 
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CHAPTER 2. MATERIALS AND METHODS 
2.1 .0 Chemicals and Reagen ts 
Chemicals and reagents were obtained from BDH (Poole, Dorset), 
the Sigma Chemical Company (London) , Oxoid (Basingstoke) and Lab m 
( Toddington) unless otherwise stated . 
2.2.0 Bacteriology 
2. 2. 1 Bacterial strains 
The sources and details of Aeromonas salmonicida strains used 1n 
this project are shown in Table 1. 
Two strains of Escherichia coli were obtained from C. Wray 
(Ministry of Agriculture, Fisheries and_Food, Central Veterinary 
~~ 
Laboratory, Weybridge) : E68l (014l :AK85ab) and E68II (0141 : K85ab). 
Strains of Aeromonas hydroohila and Micrococcus luteus were 
obtained from the culture collection of the Department of Biological 
Sciences, Plymouth Polytechnic . 
2 . 2. 2 Storage of bacteria 
Stock cultures were maintained under liquid nitrogen 1n 10% w/v 
skimmed milk as protectant . 
A. salmonicida strains were subcultured weekly onto tryptone soy 
agar (TSA) and incubated at 20°C for 48 h prior to the production of 
working cultures . 
E. coli strains were subcultured onto nutrient agar and incubated 
at 37oc. 
A. hydrophila was subcultured onto TSA and incubated at 37°C . 
M. luteus was subcultured onto TSA and incubated at 30°C . 
2 . 2. 3 Bacterial culture 
Unless otherwise stated, all A. salmonicida cultures were incubated 
unshaken at 20°C. Stationary phase inoculum cultures of A. salmonicida 
were produced by inoculating 10 ml volumes of tryptone soy broth (TSB) 
in universal bottles and incubating for at least 24 h . Further 10 ml 
volumes of TSB were inoculated with 1 ml of this cult ure and incubated 
for 18 h to produce working cultures. For growth in 100 ml volumes, 
media were contained in 250 ml Erlenmeyer flasks and inoculated with 
1 ml of the stationary phase culture . 
E. coli strains were passaged twice through unshaken brain heart 
0 infusion broth (BHI) (10 ml) at 37 C to produce 18 h cultures . 
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Table l. The strains of A. salmonicida used 1n this project 
Laboratory Original I 2 
strain Donated by host LD50 Comments 
number 
449 Dr. T. Trust 3 Brown 8x103 Possesses the 
trout A-layer 
449/3 Dr. T. Trust NA lxl08 A-layer negative 
mutant of 449 
449/3/R Dr. T. Trust NA Av A-layer and LPS 
negative mutant 
of 449 
450 Dr. T. Trust 4 Brown 2xlo4 Possesses the 
trout A-layer 
450/3 Dr. T. Trust NA 2x!08 A-layer negative 
mutant of 449 
450/3/R Dr. T. Trust NA Av A-layer and LPS 
negative mutant 
of 450 
451 Dr. T. Trust 5 Rainbow lxl04 Possesses the 
trout A-layer 
451/3 Dr. T. Trust NA lxl08 A-layer negative 
mutant of 451 
451/3/R Dr. T. Trust NA Av A-layer and LPS 
negative mutant 
of 451 
CM30 Dr. c. Munn Salmon ND Possesses the 
This A-layer 
laboratory 
CM30/3 This 6 NA ND A-layer negative laboratory mutant of CM30 
BRl This 7 Rainbow ND Possesses the laboratory trout A-layer 
l- For juvenile coho salmon (Ishiguro et al ., 1981). 
2 - For strains donated by Dr. T. Trust-,-possession of A-layer 
described by·lshiguro et al. (1981). LPS negative mutants show 
a loss of 0-antigen polysaccharide chains (Munn et al., 1982). 
3 - Originally isolated by Dr. C. Michel, Laboratoire-dTichtyopathologie, 
INRA, Thi~ral-Grignon, France , as strain TG36/75 and donated by 
Dr. T. Trust, University of Victoria, Canada. 
4 - As for (3) above but originally designated as TG72/78. 
5 - As for (3) above but originally designated as TG51/79. 
6 - See 3. 4.5. 
7 - Isolated 29.6.82 from the kidney of one- year old rainbow trout 
which died exhibiting a classical "furuncule". 
NA - Not applicable. 
ND - Not determined. 
Av- Avirulent for coho salmon (Munn ~~., 1982). 
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Unless otherwise stated bacterial cultures were pelleted 
(2,000 g, 15 min) and washed twice in PBS prior to investigations. 
2.2 . 4 Culture of bacteria in various liquid media 
Bacteria were cultured in various media from a TSB inoculum. 
Buffered peptone water was supplemented with yeast extract ( 2 g/1) . 
Nutrient broth number 2 (NB2) was supplemented with 5 g/1 bovine serum 
albumin and 2 g/1 yeast extract. Furunculosis broth consisted of 
tryptone (10 g/1), yeast extract ( 5 g/1), L-tyrosine (1 g/1) and 
NaCl (5 g/1). Casein-yeast-beef broth (McCarthy ~al . , 1983) contained 
tryptone (10 g/1), yeast extract (5 g/1), 'Lab Lemco' broth ( 2 g/1), 
sodium acetate ( 2.5 g/1) and NaCl (10 g/1) . All media were adjusted 
to pH 7.5 prior to autoclaving at 121°C for 15 min. 
2. 2.5 The identification of A. salmonicida 
The identity of A. salmonicida strains used in this project was 
confirmed using biochemical tests in accordance with McCarthy (1975) 
and Bergey's Manual of Determinative Bacteriology( Buchanan & 
Gibbons, 1974). All tests were incub~ted at 20°C. 
2.2.6 Enumeration of bacteria 
Viable bacteria were counted using the Miles and Misra technique 
(Miles~ al., 1938) or a spiral plater (Spiral Systems, Bethesda, USA) 
and colony counter (Don Whitley CC50). Serial 10-fold dilutions of 
samples were made in buffered peptone water and the bacteria grown on 
TSA for 48 h at 25°C . 
A standard curve of absorbance (using a Pye Unicam SP1700 
Spec trophotometer) against viable count of A. salmonicida suspended ~n 
PBS (Fig. 1) was constructed for the rapid assessment of bacterial numbers. 
2 . 2.7 Radiolabelling of A. salmonicida 
In order to produce radiolabelled A. salmonicida for adhesion and 
association assays various protocols were investigated to obtain a 
method which yielded bacteria with a high specific ac tivity. Strains 
449 and 449/3 were used as appropriate . 
All radioactive compounds were obtained from Amersham International 
Limited (Amersham, England). Radioactivity was measured using Unisolve 
1 (Koch-Light Laboratories Ltd., Haverhill) as the scintillation fluid 
in a Philips PW4700 Liquid scintillation counter with counts 
automatically quench corrected. 
Included in the investigation were two defined media: 
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Fig. 1 Standard curve for assessing the viabl e count of A. salmonicida 
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O'Leary medium ( O'Leary ~ al•., 1956) - MgS04 . 7H2o, 200 mg/1; 
K2HP04 .3H20, 25 mg/1; KH2Po4 , 25 mg/1; NaCl, 5 g/1; DL-alanine, 500 mg/1; 
L- arginine.HCl, 500 mg/1; L-asparagine, 500 mg/1; Dt-methionine, 40 mg/1; 
DL-serine, lOO mg/1; DL-isoleucine, 30 mg/1; Na-glutamate, 1.15 g/1; 
adenine sulphate, 10 mg/1 ; and salts solution (comprising Feso4 .7H20, 
5 g/1; ZnS04 .7H20, 0.1 g/1; CoC1 2.6H20, 0.1 g/1; MnS04.4H20, 0.2 g/1; 
Cuso4 .SH2o, 0.1 g/1; to 250 ml in H2o), 1 ml/1 (pH adjusted to 6.8). 
Shieh and Reddy medium ( Shieh & Reddy, 1972) - MgS04 . 7H2o, 500 mg/1; 
K2HPo4 .3H2o, 1 g/1; NaCl, 5 g/1; FeS04 .7H2o, 10 mg/1; DL-alanine, 
500 mg/1; arginine, 1 g/1; L-asparagine, 500 mg/1; L-methionine, lOO mg/1; 
DL-serine, lOO mg/1; DL-isoleucine, 50 mg/1; Na-glutamate, 100 mg/1; and 
L-cysteine.HCl, 10 mg/1. 
A loopful of growth from 7-d ay TSA plate cultures was used to 
inoculate 10 ml Shieh and Reddy medium containing o·. 25 uCi/ml [ l4c] lysine 
0 1n a 25 ml flask . After 3 days of unshaken growth at 20 C, cultures 
were washed twice with the original volume of medium ( 2,000 ,g_, 15 min), 
bac terial pellets resuspended to their original volume and samples 
assayed for radioactivity and viable counts in order to obtain specific 
activities. 
In another experiment 5 ml volumes of TSB, O'Leary medium and 
Shieh and Reddy medium containing 0.25 uCi/ml u- 14c-labelled protein 
hydrolysate were inoculated with 2 x 107 c.f .u. of A. salmonicida and 
incubated for up to 72 h unshaken at 20°C. Bacteria were washed twice 
with 10 ml PBS (2,000 ~· 10 min, room temperature) and resuspended in 
tissue culture medium( 2.9 .1 (2) without serum or antibiotics) prior to 
determination of radioactivity (0 . 1 ml + 2 ml Unisolve) and viable counts. 
Another set of experiments was performed to study the kinetics 
of 14C-incorporation by A. salmonicida using an incubation mixture which 
was comprised of the radiolabel and glucose. Nine ml of TSB were 
inoculated with 1 ml of an 18 h TSB culture and incubated for 3 h at 
20°C unshaken to obtain early log phase cells . This culture, in a 10 ml 
cen trifuge tube, was washed with 10 ml PBS ( 6,000 g , 20 min, 4°C) and 
resuspended in 1 ml PBS containing OLS uCi /ml 14c-~abelled protein 
hydrolysate and 1% unlabelled glucose. This gave a cell density of 
108 c . f .u. pe r ml. Replicate tubes were set up and incuba ted at 20°C , 
unshaken, for up to 4 h . At various times cells were harvest ed and 
washed twice with 10 ml PBS (6,000 ~· 20 min, 4°C). Afte r f i na l 
suspension in tissue culture medium (see above) samples were assayed for 
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radioactivity and viable counts (0.1 ml + 2 ml Unisolve). 
After comparison of the efficiency of methods a further modification 
for the incorporation of 14c-labelled protein hydrolysate was devised 
whereby 18 h TSB cultures of A. salmonicida were washed in PBS and the 
bacterial density adjusted to 108 c.f.u . /ml for incubation with 
radiolabel (4.2.2). 
To investigate the incorporation of radioactive glucose, the above 
protocol was modified so that the radiolabelled incubation medium 
contained 0.25 ~Ci/ml and 0.5 ~Ci/ml D-{u-14c]glucose in PBS. 
2 . 2 .8 Fluorescein staining of A. salmonicida 
For the investigation into the in vivo site of localization of 
injected A. salmonicida (2 .16.2), bacteria were stained with fluorescein 
according to the method of Gelfand ~al . (1976). Broth-cultured 
bacteria, strains 449 and 449/3, (lOO ml TSB, unshaken, 18 h) were 
formalin killed (formalin added to 0.6% and incubated at 4°C overnight) 
and washed twice in PBS. Purity and viability checks were conducted. 
Bacteria were resuspended in 10 ml of 0.5 M carbonate-bicarbonate buffer, 
pH 9.5, conta~n~ng 1 mg/ml fluorescein isothiocyanate isomer 1, at a 
density of 6 x 108 c.f.u./ml. Following incubation ( l h, room temperature ) 
the bacteria were washed four times in Veronal buffered saline with 
0 15 2+ 2+ . . M Ca , l mM Mg and 0.1% gelat~n, until all the colour was 
r emoved from the supernatant, and resuspended to 10 ml in the same buffer. 
Aliquots (2 ml) were covered ~n foil and stored at - 20°C . 
2 . 2 . 9 Congo red staining of A. salmonicida 
Congo red stained A. salmonicida were used to dete rmine the 
distribution of bacteria within hydrophobic interaction chromatography 
co lumns (2.6.1 ) . 
Bacteria , after washing in PBS, were suspended in 10 ml of a dark 
aqueous solution of Congo red at a density of 106 c .f.u./ml. After 
incubation at room temperature for a few hours bac teria were washed ~n 
PBS until no red colour r emained in the supernatant and finally 
8 
suspended ~n 0.1 ml PBS (10 c.f.u.). 
2.2.10 Culture characteristics of A. salmonicida 
The colony morphol ogies of t he strains of A. salmoni cida used in 
0 t his study we re compared by culture on TSA at 20 C fo r 7 days. Colony 
s i ze , co l our and state wer e then related t o the ce l l surf ace 
cha r acteristic s of the st r a ins. 
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Since virulent strains, possessing the A-layer , have been shown to 
autoaggregate in broth culture (Udey & Fryer, 1978), the appearance of 
.TSB cultures was observed. 
2.2 . 11 Autoagglutination 
Since the possession of the A-layer has been shown to correlate 
with autoagglutination ~n isotonic saline (Hamilton~~. , 1981~ this 
property was used as a rapid test for A+ bacteria. A loopful of growth 
from TSA cultures was emulsified in a drop of PBS on a microscope slide 
and examined for the formation of macroscopic aggregates . When 
examining broth cultures bacteria were pelleted (2,000 ~· 15 min) and 
resuspended in a small volume of PBS. 
2.2 . 12 Antibiotic sensitivity of A. salmonicida 
To determine the antibiotic sensitivity patterns of different 
strains of A. salmonicida, 0.2 ml volumes of 18 h TSB cultures were 
spread over dry TSA plates and Mastrings Ml and M4l placed on the surface. 
After incubation (48 h, 20°C), zones of growth inhibition were measured 
from duplicate plates with vernier callipers. 
The minimum inhibitory concentra tions (MIC) of various hydrophobic 
and hydrophilic antibiotics were also determined. Antibiotics were 
dissolved in sodium phosphate buffer (0.1 M, pH 6.0). Crystal violet 
was dissolved in water. Water insoluble drugs were initially dissolved 
1n DMSO. For each pour plate l ml of drug solution was mixed with 
19 ml molten TSA. Two-fold dilutions of drugs resulted in the range 
0.19- 800 ~g/ml. Drops (20 ~l) of 18 h TSB bacterial cultures (2.2.3) 
were placed on triplicate plates and incuba ted at 20°C for 4 days until 
colonies produced pigment. The MIC was taken as the concentration at 
which absolutely no growth occurred. 
2.2 . 13 Effect of medium composition on autoagglutination 
To determine the effect of medium composition on the autoagglutination 
+ by A strains of A. salmonicida, loopfuls of strains 449 and CM30 
(TSA, 48 h, 20°C) were emulsified in 20 ~l drops of PBS, 20 mM HEPES 
buffered Hank's balanced salts solution, ! strength Ringe r's solution, 
TSB, aquarium tank water and distilled water . The time taken for 
visible aggregates to form was noted. 
2 . 2.14 Effect of concentration of A. salmonicida on autoagglutination 
To examine the effect of concentrat ion of A. salmonicida on the 
clump size of A+ aggregates, strain 449 (TSA, 20°C) was emulsified in 
9 PBS to a density of 1.4 x 10 c.f.u ./ml and diluted by two-fold steps 
in the same buffer. Suspensions were examined by light microscopy . 
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2. 2.1S Purity checks 
Throughout all investigations purity checks on cultures wer e 
performed . Samples were streaked onto TSA and incubated at 20° or 2S°C 
for the examination of characteristic pigment production and colony 
morphology (2 . 2.10 and 3.3 . 1). 
2.3.0 
2. 3. l 
Cell envelope analysis 
Preparation of A. salmonicida cell envelope fractions 
Broth (TSB)-cultured bacteria ( SOO ml, 72 h) were pelleted and 
washed in 20 mM Tris/HCl (pH 7 . 2). Bacteria were resuspended in 20 ml 
of the same buffer and pipetted into the chamber of a precooled 
(- 20°C, 18 h) X- Press (LKB). The bacterial mass was passaged twice and 
allowed to thaw. Unbroken cells and debris were removed by centrifugation 
(3,000 ~· 30 min, 4°C) and the resulting supernatant (approximately lS ml) 
centrifuged to pellet cell envelope fractions (40,000 ~· l h , 4°C). 
Separation of outer membranes from this preparation was by the method 
of Filip ~~· (1973), except that the envelope pellet obtained above 
was incubated for 30 min at room temperature in 10 ml O. S% sodium 
lauryl sulphate (SLS) in 20 mM Tris- HCl (pH 7 . 2) instead of sodium 
lauryl sarcosinate. Following centrifugation (40 , 000 ~· l h, 4°C) the 
resulting pellet was suspended in 0 . 2 ml of loading buffer (10% v/v 
glycerol, Si. v/v 2-mercaptoethanol, 3% w/v sodium dodecyl sulphate (SDS), 
0.01% w/v bromophenol blue in O.OS M Tris-HCl pH 6.7) for electrophoresis. 
2. 3 . 2 Electrophoresis of outer membrane proteins 
Proteins were separated by sodium dodecyl sulphate polyacrylamide 
gel electrophoresis (SDS- PAGE), using a vertical slab electrophoretic 
system, according to the method of Laemmli (1970). A discont inuous 
electrophoretic system using polyacrylamide gels (16 x 14 cm) with an 
acrylamide: bisacrylamide ratio of 37.S : l was used. Proteins 
(20 - SO ~l) in loading buffer (2.3.1) were applied to stacking gels 
(4 .S% acrylamide) and 'stacked' for approximately l hat 10 mA (Pharmacia 
ECPS 3000/lSO power supply), followed by separation in 13% acrylamide 
gels at 20 mA until the tracking dye front was within l cm of the end of 
the gel . A Tris/glycine buffer system containing 0.2% SDS was used. 
Protein bands in gels were detected by staining the gels with 
0.2% Coomassie brilliant blue R in SO% methanol, 10% acetic acid 
overnight at room temperature . Gels were destained in 10% methanol, 
10% acetic acid at r oom temperature until all excess stain was 
removed . Rf values of individual bands were determined . Standard 
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proteins (Sigma SDS- 7, 10 ~1) with a molecular weight range of 
14,200- 16,000 were run to construct a lo~molecular weight) versus 
Rf plot for calculating molecular weights of sample outer membrane 
proteins. 
Gels were photographed using an orange filter . 
2.4.0 Growth kinetics of A. salmonicida 
2. 4.1 Doubling time of A. salmonicida cultures 
To examine the possibility of a relationship between strain 
virulence and growth rate, the doubling times of A+ and A strains 
( 449 , 449/3 ; 450, 450/3 ; 451 and 451/3) in vitro were determined. 
0 The absorbance (A590 nm) of TSB cultures (lOO ml, 20 C, unshaken) 
was monitored using a Cecil CE303 Spectrophotometer. Uninoculated TSB 
was used as a blank and doubling times of cultures calculated from 
plots of log(absorbance) against time. 
2.4. 2 The pH growth range of A. salmonicida 
As part of a study to determine whether the ability to surv1ve 
under gut conditions was a property attributable to possession of the 
A-layer, strains of A. salmonicida were cultured over a range of pH 
values. Volumes of TSB (5 ml in test tubes) were adjusted to different 
pH values . After autoclaving (121°C, 15 min), the measured pH range 
was 3.0- 9.8. After inoculation with 0.1 ml of a stationary phase 
culture (2 . 2 . 3) and 24 h incubation (20°C , unshaken), growth was 
assessed by measurement of culture abso rbance (A590 nm) . Due to colour 
changes produced by autoclaving , especially around pH 9, uninoculated 
TSB blanks at the respective pH were used for each determination. 
2.4.3 Temperature growth range of A. salmonicida 
In order to compare the temperature growth ranges of strains of 
A. salmonicida, 5 ml volumes of TSB in test tubes were inoculated with 
0.1 ml of an 18 h TSB culture and incubated unshaken for 24 hat 5°C , 
15°C 20°C 25°C 30°C and 35°C. After this time cultures were , , , 
thoroughly mixed and A590 nm measured using a Pye Unicam SP1700 
Spect rophotometer . 
2 . 4.4 Growth of A. salmonicida at elevated temperature 
The growth kinetics at the elevated temperature of 30°C of 
A. salmonicida strains 449 and CMJO were studied using the method 
described by Ishiguro ~ ~· (1981) . Volumes of TSB (100 ml) were 
equilibrated to 30°C and inoculated with 1 ml of a stationary phase 
culture (2 . 2 .3). Cultures were then incubated at 30°C in an orbital 
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shaker (150 r.p.m.) for 55 h. Growth was monitored as A590 nm and samples 
were taken from cultures and assessed for autoagglutinability in PBS 
directly, or after culture on TSA (20°C) . Known A+ and A strains were 
tested to give control agglutination values. 
Cultures of equal volume were also incubated unshaken at 30°C and 
shaken at 20°C. 
2.4.5 Isolation of an A mutant of A. salmonicida 
In order to obtain an A- mutant of CM30, + an A strain isolated in 
this laboratory, bacteria were serially subcultured at 30°C. 
A stationary phase TSB culture of CM30 (2 . 2.3) was used( 1 ml) to 
inoculate 20 ml TSB contained in a universal bottle. After 24 h 
0 incubation unshaken at 30 C, 1 ml of the resulting culture was used as 
the inoculum for another 20 ml volume of TSB. Serial subculture was 
continued for five passages. Four subculture sets were performed. At 
each subculture the appearance of the broth was noted, and samples 
plated onto TSA (20°C) for the determination of colony characteristics 
and autoagglutination (2.2 .10 & 2. 2.11) . 
2.5.0 Effects of various a.gents on the viability of A. salmonicida 
2.5.1 Effect of bile salts 
As a further invest~tion into the possibility of gut colonization 
(2 . 4.2) by A. salmonicida, the tolerance of strains to bile salts was 
measured. 
The tolerance to fish bile was determined by filling wells (No . 3 
cork borer) cut in seeded agar plates (1 ml 18 h TSB culture + 14 ml TSA) 
with freshly collected trout bile. After incubation (20°C, 48 h) zones 
of growth inhibition were measured. 
To determine the tolerance in liquid culture, 10 ml volumes of 
MacConkey broth were inoculated with l ml stationary phase bacteria 
(2 . 2.3) . Cultures in TSB were grown for comparison . After incubation 
( 20°C, 24 h unshaken) growth was assessed by culture absorbance using the 
relevant uninoculated broths as blanks. Absorbance wavelengths used 
were 590 nm for TSB and 460 nm for MacConkey broth. 
2. 5.2 The susceptibility of A. salmonicida to hydrogen peroxide 
To determine whether there was any inter-strain difference in 
susceptibility to hydrogen peroxide, wells were cut in seeded agar 
plates (No . 3 cork borer, 1 ml 18 h TSB culture + 14 ml TSA) and filled 
with varying dilutions of commercially available hydrogen peroxide 
(Boots, 20 volumes available oxygen). Dilutions ( l/2 , l/5 and l/10) were 
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made in distilled water. After incubation (20°C, 48 h), when pigment 
production was obvious, zones of growth inhibition were measured. 
2.5.3 Effect of proteolytic enzymes 
In order to determine the susceptibility of strains of A. salmonicida 
to the action of proteolytic enzymes, strains 449 and 449/3 were 
incubated in 1 mg/ml solutions of the following enzymes in PBS: 
Trypsin (1:250, Difco), a-chymotrypsin (14 units/mg protein), papain 
(21 units/mg protein) and non-specific protease (equivalent to 
pronase E, 4.4 units/mg solid). Cultures ( 18 h) were washed in PBS 
(2.2 .3) and adjusted by absorbance measurement (2.2.6) to give 
approximately 106 c .f.u./ml in 10 ml enzyme solution contained ~n 25 ml 
flasks. Control incubations contained no enzyme. Mixtures were 
incubated at 20°C in a water bath shaker at 120 strokes per minute. 
At various times duplicate samples were taken for viable count 
determinations (2.2.6) . 
2.5.4 Effect of 'lysosomal ' enzymes and pepsin 
To study the effect of enzymes with acid and alkaline working pH 
optima, enzyme solutions were prepared in 0.2 M bicarbonate buffer 
(pH 9.1) or 0. 1 M citrate buffer (pH 6 .0). The following enzymes were 
tested: in bicarbonate buffer- alkaline phosphatase (4 units/mg solid); 
in citrate buffer- acid phosphatase (0 . 4 units/mg solid), lysozyme 
(61,000 units/mg protein), cathepsin c (16 units/mg protein) and 
pepsin (2270 units/mg protein) . TSB cultures ( 18 h) of strains 449 and 
449/3 were washed twice in saline and suspended at a density of 
106 c . f.u . /ml in 10 ml volumes of 1 mg/ml enzyme solutions, except for 
cathepsin c which was 5 ml of 0.19 mg/ml . Control incubations of 
bacteria were conducted ~n buffer alone . The incubation conditions and 
viable count determinations were as in 2 . 5 . 3. 
To confirm the activity of the lyso~)me preparation, Micrococcus 
luteus was substituted for A. salmonicida and viable count plates 
incubated at 30°C. (M . luteus in citrate buffer alone showed no 
increase in viable count over the incubation period.) 
2 . 5.5 Effect of a peroxidase -hydrogen peroxide system 
A modification of the method described by Klebanoff & Shepard (1984) 
was used to assess the susceptibility of A. salmonicida to killing by a 
peroxidase- hydrogen peroxide system. Broth cultures (18 h, 2 . 2.3) 
were washed twice in 0.02 M sodium phosphate buffer containing 0 . 067 M 
sodium sulphate (pH 7.0) . The complete reaction mixture contained 
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106 c.f.u. A. salmonicida, 300 mU horseradish peroxidase ( type II), 
-4 0.1 M NaCl and 10 M hydrogen peroxide in 1 ml of the above buffer. 
The reagents were combined in various permutations to determine the 
effects of the separate components of the system, and bacteria were 
incubated ~n buffer alone as the control. Reaction mixtures were 
incubated at 22°C in duplicate. Samples were removed for viable count 
determinations (2.2.6) using buffered peptone water containing 0.2% 
bovine serum albumin (to stop the reaction). 
2.6.0 Measurement of cell surface hydrophobicity 
2.6.1 Hydrophobic interaction chromatography 
Retention of bacteria on phenyl- and octyl-Sepharose was determined 
in the presence of l M ammonium sulphate and PBS according to the method 
of Jann et al. (1981). Cultures of A. salmonicida (18 h; 2.2.3) and 
E. coli were washed twice in 17.5 mM phosphate buffer - l M ammonium 
sulphate (pH 6 .5) or PBS and adjusted to an A590nm of 1.0 (8 x 10
8 
c.f.u./ml) in the same buffer. Suspensions (lOO ~1) were placed on a 
column of derivatised Sepharose (pasteur pipette plugged with glass 
wool and packed with 0.6 ml of gel equilibrated in the respective buffer) 
and incubated at room temperature for 10 min. The column was then washed 
with 5 ml of the buffer, the absorbance of the eluate compared with that 
of the original suspension diluted accordingly (lOO ~l + 5 ml buffer), 
and retention values calculated. 
Investigations were also carried out using Sepharose 6B ~n place 
of hydrophobic beads. 
2. 6.2 Phase partitioning 
Strains of A. salmonicida were tested for their ability to adhere 
to the hydrocarbon phase of octane, hexadecane and xylene/phosphate 
buffered saline (PBS) partitioning systems ( Ros enberg ~al., 1980). 
Washed TSB-grown bacteria (18 h) were suspended in PBS, adjusted to an 
7 A590 nm of approximately 0.2 (7 x 10 c.f .u. /ml) and 1.2 ml volumes 
added to various volumes of hydrocarbon in 10 mm diameter, acid-washed, 
glass tubes. Afte r 90 s agitation on a rotamixer, the mixtures were 
allowed to stand for 15 min to allow the hydrocarbon layer to rise 
completely . The PBS layer was then carefully removed with a glass 
pipette. The absorbance of the PBS layer (measured at 590 nm) was 
calculated as a percentage of that of the original suspension. 
Preliminary experiments had indicated that maximum adherence to 
the hydrocarbon phase occurred with an A590 nm of the original 
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suspension of at least 0 . 2 (Fig. 2). Therefore, since sample volumes 
were often small, this bacterial density was routinely used. 
2.6.3 Salt i ng out 
This method measures the molarity of ammonium sulphate required to 
cause agglutination of bacterial suspensions (Lindahl ~al . , 1981) . A 
solution of 4 M ammonium sulphate in 2 mM sodium phosphate (pH 6.8) was 
serially diluted using 2 mM sodium phosphate to give concentrations from 
4.0 M- 0.02 M differing by 0 . 2 M (fr om 4.0- 0 . 2 M) and 0 . 02 M 
increments (from 0.2- 0.02) . When necessary the pH was adjusted to 
6.8 using NH40H. TSB-grown (18 h) cultures of A. salmonicida were 8 
washed and resuspended to an A590 nm of 1.0 ( 8 x 10 c .f.u. /ml ) in 2 mM 
sodium phosphate and 25 ~1 mixed with 25 ~1 of salt solution on a glass 
slide fo r 2 min, incorporating 1 min gentle rocking . Agglutinations 
were compar ed with a positive control using the 4 M solution and a 
negative control (no agglutination) in 2·_ mM sodium phosphate only. 
2. 6.4 Contact angles 
The contact angles made by drops of saline on lawns of A. salmonicida 
were measured using the method of Van Oss et al. (1975) . Glass plates 
( 5 x 5 cm) were covered with a thick layer of 
with 10% glycer ol) and dried for 1 h at 55°C . 
9 A. salmonicida (2.2.3, 0.5 ml, 10 c .f.u . /ml) 
agar ( 2% agar in saline 
A PBS suspension of 
was spread evenly over 
the surface of the agar and allowed to dry for 3 - 3.5 h until the surface 
was no longer shiny. Drops of normal saline ( 10 ~ 1) were carefully placed 
on the bacterial lawns and photographed . The contact angles (tangent of 
the angle between the drop and agar) were measured from enlargements of 
the drops . To eliminate operator bias samples were coded so as not to 
reveal their identity during angle measurement. 
2.6.5 Effect of subculture on hydrophobi city 
A series of experiments was conducted to determine the effect of 
subculture at different temperatures on the cell surface hydrophobicity 
of strains of A. salmonicida which possessed the A-layer. 
Volumes (10 ml) of TSB were equilibrated to 20°C, 25°C and 30°C and 
inoculated with 1 ml stationary phase cultures (2 . 2 .3). Cultures ~vere 
incubated for 24 h unshaken and a further four subcultur es at each 
temperature performed (10 ml volumes inoculated with 1 ml culture) . 
Broth cultures were examined for the onset of turbidity and the 
hydrophobicity of each subculture determined by phase partitioning 
( 2. 6 . 2) . 
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Fig. 2 Effect of original suspension absorbance on phase partitioning 
using A. salmonicida strain CM30 in an octane/PBS system. 
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1.2 ml volumes of PBS suspension mixed with 0.2 ml vo lumes of 
octane. After phase separation the absorbance of the aqueous 
phase was expressed as a percentage of the original suspension. 
Points are mean values of 3 determinations. Bar = ±SE. 
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2.6.6 Effect of medi um volume and compos ition on hydr ophobicity 
To determine whether the growth medium was influent i al on the 
hydrophobicity of A. salmonicida, 100 ml and 10 ml volumes of various 
media (2.2.4) were inoculated with l ml stationary phase culture of 
strains 449 and CM30 (2 . 2. 3). 0 After incubation (18 h, 20 C, unshaken 
or shaken) bacterial hydrophobicity was measured by phase partitioning 
(2.6.2). 
2.7.0 Microscopy 
2. 7. 1 Transmission electron mi croscopy 
Unfixed bacteria in PBS were negatively stained on carbon 
stabilised , formvar coated, copper grids using 2% w/v phosphotungstic 
acid (pH 7.0, 5 min.) . Bacteria, washed in PBS1 were shadowed with 
0 gold at an angle of 20 (Edwards unit) . 
For ultrathin sections of bacteria, 18 h TSB cultures were 
harvested by centrifugation (2,000 ~· 15 min), embedded in a small 
volume of agar and fixed for 1 h at 4°C with 1.8% v/v glutaraldehyde 
in 0.06 M cacodylate buffer (pH 7.4) containing 0.5 mg/ml ruthenium 
red (Springer & Roth, 1973; Trust~ al., 1980) . After washi ng 3 times 
with distilled water , bacteria were resuspended ~n 1. 3% osmium 
tetroxide in cacodylate - ruthenium red for 3 h at room temperature. 
Specimens were washed 3 times in distilled water, dehydrated through 
graded alcohols and embedded in Spurr ' s res i n (Spurr, 1974). 
For ultrathin sections of other material, samples were fixed in 
3% v/v glutaraldehyde in PBS for at least 1 h at 4°C. Following 
post- fixation with 1% v/v osmium tetroxide in PBS for 1 - 3 h, samples 
were washed 3 times with 5-min changes of PBS, dehydrated and embedded 
~n Spurr ' s resin. 
Sections (approximately 110 nm) were cut using a Porter- Blurn or 
LKB ultramicrotome and stained with saturated uranyl acetate (15 min, 
total darkness) and lead citrate (15 min, no C02) . 
Grids were observed us~ng a Phillips 300 transmission electron 
microscope at 80 kV and photographed using Kodak electron image plate 
film . 
2.7. 2 Scanning e lectron microscopy 
Specimens for SEM were fixed, post-fixed and dehydrated as for TEM. 
After equilibration in lOO% dry alcohol, samples were either critical-
point dried (Sarndri PVT-3) using carbon dioxide as transitional fluid 
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(large specimens) or air dried (coverslip samples). Specimens were 
mounted onto brass stubs using silverdag and gold coated (10 ~m, Polaron 
SEM Coating Unit E5100). A Jeol JSM-T20 scanning electron microscope 
was used to examine specimens and photographs were taken on Ilford FP4 
or Kodak Plus X film . 
2.7.3 Light microscopy 
Wild M20 and M40 (inverted) microscopes were used and photographs 
were taken on FP4 and Plus X (monochrome) or Kodak VR200 (colour film) 
using Wild and Olympus automatic camera units. Olympus and Vickers 
microscopes were used for fluorescence microscopy. 
2.7 . 4 Light microscopy stains 
To determine the viability of preparations, cells were stained in 
0.2% trypan blue in saline for 5 m1n. Living cells exquded this dye. 
To determine the proportion of macrophages in a cell population, 
samples were stained with 0 . 02% neutral red in saline for 5 min. 
Macrophages preferentially internalised this stain and appeared pink . 
Cell cultures and smears were stained with Giemsa (10 min) after 
prior fixing with methanol (10 min). The formula of the stain used was 
Giemsa buffer ( BDH pH 6 . 5) 2 parts, methanol 1 part, distilled water 
8 parts; dilute 1 volume of Giemsa stain ( BDH, Gurr traditional formula) 
with 3 volumes of the above [Wrathmell, personal cooununication}. 
Occasionally, for cell counting, samples were stained with carbol 
fuchsin. 
2.8.0 Animals 
2 .8.1 Fish 
Rainbow trout (Sa lmo gairdneri) (mean weight 214 g, SEtl7) were 
obtained from the Tavistock Trout Farm, Mount Tavy, Tavistock and 
maintained in rec irculating, aerated, fresh water at 15°C in 
900 litre tanks at Plymouth Polytechnic aquarium. Carp and dogfish 
were obtained from the same aquarium. 
2.8. 2 Mammals 
Rabbits (New Zealand White), rats - Wistar, random bred closed 
co l ony ( R.B.C.C.) and Olac Lister hooded (R.B.C . C.), and mice - NIH 
(R . B.C . C.) were obtained from the Plymouth Polytechnic animal house. 
Mice were at least 8 weeks old to ensure immunologi cal maturity. 
2 . 8.3 Blood sampling 
2.8 . 3.1 Fish 
Blood was taken f rom the caudal ve1n of unanaesthetised fish 
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using a 5 ml syringe (Sterilin) and 23 g hypodermic needle (Gillette). 
To obtain serum, blood was allowed to clot at 4°C overnight and cells 
removed by centrifugation (150 ~). For erythrocyte suspensions, blood 
samples were collected using a heparinised needle to prevent clotting . 
2.8.3.2 Mammals 
Rabbits were bled from the marginal ear vein. 
Rats and guinea pigs were anaesthetised with halothane and bled 
by cardiac puncture. Mice were anaesthetised with ether and blood 
collected from the brachial artery. 
Horse blood (Difco) was defibrinated. 
Some human blood samples were obtained as the red cell fraction only. 
To obtain mammalian sera, blood was allowed to clot at room 
temperature for 1 h and stirred to release the clot from the sides of 
the vessel, prior to storage at 4°C and centrifugation as above (2 .8.3.1 ) . 
A small volume of heparin in PBS was included in the collecting vessel 
when whole blood or erythrocytes were required. 
All sera were stored in small volumes at - 20°C. 
2.8.4 Raising of antisera to A. salmonicida 
Antisera were raised to whole A. salmonicida strain 449 ~n trout, 
rabbit and rats. To produce the bacterin, an 18-h TSB culture was 
formalin killed (formalin added to 0.6%, 4°C, 24 h). (The preparation 
was confirmed as non-viable by streaking onto TSA and inoculating TSB. 
After incubation (25°C) neither showed signs of growth.) The suspension 
was then washed twice in PBS and used as follows :-
For the rabbit- 108 c . f .u. were emulsified ~n 1 ml of Freund's 
complete adjuvant (FCA) and injected at multiple sites (15) intradermally 
~n the back. After a few months two boosters were given subcutaneously 
at two sites using a similar preparation in Freund's incomplete adjuvant 
(FIA) at 10 - 14 day intervals. Blood was collected 10 - 14 days later . 
Serum taken from the rabbit before immunization did not contain 
anti-A. salmonicida agglutinating antibodies . 
For rats- 109 c .f.u. of strain 449 and strain CM30 were emulsified 
~n 0 . 5 ml FCA and injected intradermally (multiple sites) into the back 
of two anaesthetised Liste r rats. After 11 and 30 days animals were 
9 given boosters (1 ml, 10 c . f .u.) in the FIA near the brachial and 
femoral lymph nodes. Animals were exsanguina t ed 7 days later . 
For trout- 2 fish were injected with 108 c .f.u . in FCA (0 . 5 ml) 
intraperitoneally . After 14 days fish received a secondary booster 
identical to the primary injection . Fish· were bled to obtain 
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experimental antisera after a further 12 days and at intervals thereafter. 
All A+ bacterins autoagglutinated in PBS. 
2.8.5 Determination of the agglutinating titres of sera 
The agglutinating antibody titres of the various normal and immune 
sera were determined against A. salmonicida and A. hydrophila. 
Cultures of A. salmonicida (2 . 2. 3) and A. hydrophila (TSB, 37°C, 18 h) 
were washed in PBS (A- strains and A. hydrophila) or distilled water 
(A+ strains) and resuspended as a thick suspension (approximately 
10 10 c.f.u./ml). Sera were diluted in two-fold steps in the same fluid 
as the test bacterium and 20 ~l mixed with 20 ~l bacterial suspension 
(l m1n with gentle rocking). Mixtures were examined microscopically to 
determine the highest titre which caused agglutination. 
2.9.0 Continuous animal cell culture 
2.9.1 Materials 
Cultures were grown 1n various plastic tissue culture vessels 
(Sterilin) . Cell lines were maintained in 75 cm2 and 25 cm2 flasks and 
experimental cultures grown in 30 mm Petri dishes or 96 well microtitre 
trays. 
Reagents were obtained from Flow Laboratories (Irvine, Scotland), 
Gibco (Paisley, Scotland), Sigma and Wellcome Laboratories (Beckenham, 
Kent) and made up with double distilled water as required. Three 
culture media were used: 
l) Glasgow modification of Eagle's medium with 10% newborn calf 
serum and 10% tryptose phosphate broth in an atmosphere of 5% C0 2, 
2) Glasgow modification of Eagle's medium containing 19 mM 
L-glutamine and 0.028% sodium bicarbonate, with 10% foetal calf serum, 
10% tryptose phosphate broth and 10% Tris-HCl buffer in air (pH 7. 2 -
7.4) and 
3) Minimal essential medium Eagle's (modified) with Earle's salts, 
non- essential amino acids and 10% foetal ca l f serum, in an atmosphere 
of 5% co 2. 
All culture media contained 100 IU/ml penicillin and 100 ~g/ml 
streptomycin. 
Other reagents included PBS (Dul becco A), trypsin (0 . 25% in Gibco 
solution A) and EDTA (disodium salt, 0 . 02% solution in 0.85% saline). 
2.9.2 Cell lines 
Unless otherwise stated cell lines were obtained from Flow 
Laboratories . 
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2. 9. 2. 1 Mammalian cell lines 
All mammalian cell lines were grown at 37°C. 
2.9 . 2.2 Baby hamster kidney (BHK-21) 
The BHK- 21 cell line (ATCC number CCLlO) was originally obtained 
from the University of Birmingham and grown from the stock at Plymouth 
5 Polytechnic. Cultures were set at 1 x 10 cells/ml and grown in Glasgow 
modification of Eagle ' s medium ( 2.9.1( 1)) . Confluency was reached in 
3 - 4 days. 
2.9.2.3 Madin Darby canine kidney (MDCK) 
The MDCK cell line (ATCC number CCL34) was grown 1n Eagle's modified 
minimum essential medium( 2.9 . X 3)). Cultures reached confluency 1n 
5 - 7 days and were subcultured at a split ratio of 1:2. 
2. 9. 2.4 Potoroo (Pt-K-2) 
Potoroo ce l ls (ATCC number CCL56) wer e grown in Eagle's modified 
minimum essential medium (2.9 . 1(3)) . Confluency was reached in 7 days 
and cultures were transferred at a split ratio of 1:5. 
2.9 . 2.5 Fish cell lines 
2. 9.2.6 Atlantic salmon (AS) 
Atlantic salmon cells were grown at 20°C in Eagle's modified 
minimal essential medium (2.9.1(3)). Cultures reached confluency 1n 
7 - 10 days and were subcultured at a split ratio of 1:4. 
2. 9.2.7 Fat head minnow (FHM) 
Fat head minnow cells (ATCC number CCL42) were grown at 34°C in 
Eagle's modified minimal essential medium( 2.9.1(3)) . Cultures reached 
confluency in 7 - 10 days and were subcultured at a split ratio of 1:2 . 
2. 9.2.8 Rainbow trout gonad( RTG-2) 
RTG-2 cells were obtained from the Fish Diseases Laboratory, Weymouth 
and Flow Laboratories and were grown at 20°C in Glasgow modification of 
Eagle ' s medium (2 . 9 . 1(2)) or Eagle's modified minimal essential medium 
(2.9.1(3)). Cultures reached confluency in 10- 14 days and were 
subcultured at a split ratio of 1:3. 
2. 9.3 Methods 
2.9.3.1 Subculturing procedures 
Confluent cell layers were washed twice with PBS and then incubated 
at 21°C with a 1:4 mixture of trypsin/EDTA until the monolayer had 
completely dissociated into single ce lls . Cell suspensions were 
centrifuged (80 ~· 7 min) and resuspended in appropriate volumes of media. 
2.9.3. 2 Medium volumes 
2 Routine maintenance of cell cultures was carried out 1n 75 cm and 
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2 25 cm flasks. Cells grown in 96 well tissue culture trays and 30 mm 
Petri dishes were seeded at concentrations to give confluent monolayers 
after overnight incubation. When appropriate, open culture vessels were 
contained in sealed plastic boxes in a humid atmosphere, with co2 
enrichment if required. 
2.9.3 . 3 Seeding densities for experimental cultures 
Monolayers for adhesion and association assays were produced by 
overnight cell culture. BHK-21 monolayers in 96 well trays were seeded 
with 5 x 104 - 1 x 105 cells per well. All other cell lines were set 
at a density that gave a confluent monolayer immediately after attachment 
and spreading (i . e. no cell division occurred during overnight incubation) 
in trays and 30 mm dishes. This was achieved by allowing disaggregated 
cell suspensions to cover the same surface area as the original confluent 
monolayer. Prior to assays the medium was removed from monolayers and 
cultures washed twice with volumes of PBS dependent on the culture vessel -
0.2 ml for microtitre wells and 3 ml for 30 mm Petri dishes. 
2.10.0 Phagocytic Cell Culture 
2.10.1 Mouse peritoneal macrophages 
Peritoneal macrophages were obtained from mice 4 days after 
stimulation with 5% oyster glycogen in saline (0.5 ml injected 
intraperitoneally) . After aspiration of the peritoneal cavity with 
5 ml tissue culture medium 199 supplemented with sodium bicarbonate, 
glutamine and 10% newborn calf serum (containing a small amount of 
heparin to prevent any clotting by contaminating blood), cells were 
allowed to adhere to microtitre tray wells (0 . 2 ml per well) for 18 h 
at 37°C in an atmosphere of 10% co2. Unattached cells were removed by 
washing cultures twice with 1/4 strength Ringer's solution. 
2.10.2 Human blood leucocytes 
Leucocytes were isolated from whole, heparinised blood according to 
the method of Easmon ~ ~· (1980). Blood was mixed with a quarter of 
its volume of 0.6% dextran in 0.85% saline and the red cells allowed to 
sediment for 60 min at room temperature. The leucocyte-rich buffy 
layer was centrifuged (350 ~' 5 min) and the pellet resuspended ~n 
0.83% ammonium chloride in Tris-HCl buffer to lyse any residual red cells . 
After two washes with HHBSS, cells were resuspended in HHBSS with 1% heat-
inactivated foetal calf serum and without phenol red, to a density of 
2 x 106 cells /ml. 
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2.10.3 Rainbow trout cell preparation 
All procedures in this section (2.10.3- 2.10.5) were carried out 
at 4°C or on ice·. In order t~ obtain tissue macrophages from the 
anterior kidney and spleen of trout, single cell sus~ensions of these 
organs were obtained. The ventral surface of the fish was swabbed with 
70% alcohol and the organs dissected out aseptically. Following passage 
through a fine steel or nylon mesh into 7 ml of 1eibowitz 115 medium 
buffered with 20 mM HEPES (HL15, pH 7.5), cell suspensions were left to 
stand to allow clumps to settle out. Heparinised trout blood was 
diluted 1:3 with 20 mM HEPES buffered Hank's balanced salts solution 
(HHBSS, pH 7.5). 
2.10.4 Percoll density gradient cell isolation 
Trout cell suspensions (2.10.3) were loaded onto discontinuous 
Percoll gradients in 25 ml 'V' bottomed tubes, for density centrifugation 
according to the method of Braun-Nesje ~al. (1981). The bottom layer 
consisted of 10 ml Percoll diluted to a density of 1.08 g/ml . Five ml 
of Percoll diluted to a density of 1 . 07 g/ml was carefully layered over 
this and 7 ml of cell suspension layered on the top. In one 
investigation a 3-band gradient was used with densities of 1.075, 1.08 
and 1.1 g/ml (Braun- Nesje ~ ~·· 1982). The Percoll was diluted with 
var~ous media: 20 mM HEPES buffered 115 medium (pH 7 . 5) with and 
without 0.33% glucose, PBS, HHBSS and phosphate-buffered 0.12 M NaCl, 
to determine whether the medium composition affected cell separation. 
Densities were confirmed using a refractometer . Gradients were 
cen trifuged for 40 min at 400 ~· Cell populations were then collected 
from the resulting bands and washed twice in 20 mM HEPES buffered 115 
medium ( 150 ~· 5 min). 
2.10.5 1ymphoprep density gradient cell isolation 
Trout cell separation using 1ymphoprep (Nyegaard, Norway) was 
carried out by layering 7 ml of cell suspension onto 3 ml of 1ymphoprep 
in a 10 ml centrifuge tube. After centrifugation (1 , 200 ~· 15 min) the 
interface layer was washed as above ( 2.10.4) . In some experiments cells 
were obtained from trout which had been injected 18 days previously with 
Freund's complete adjuvant (0 . 2 ml, intrarnuscularly). 
2 .10.6 Culture of trout macrophages 
Cell populations, obtained by density gradient s eparation ( 2 .10.4 
& 2 .10.5), were resuspended in H115 (2.10.3) supplemented with 10% 
foetal cal f serum and antibioti cs (100 IU/ml penicillin and lOO ug/ml 
streptomycin) to a density of 5 x 106 cells/ml. Macrophage suspensions 
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were cultured 1n 30 mm Petri dishes ( 3 ml of suspension), glass tissue 
culture tubes (1 ml per tube) and on glass coverslips in the Petri dishes. 
After incubation (20 h, 21°C, 1n air) cultures were washed twice with 
HL15 to remove unattached cells, fully supplemented 115 replaced and the 
resulting adherent macrophages incubated for 20 h under identical 
conditions to allow spreading. Prior to experimental challenge, 
cultures were washed twice with salts solution (HHBSS or PBS, two 
culture volumes). 
2.11 .0 Adhesion of A. salmonicida to cell lines 
2.11.1 Standard adhesion assay 
Bacterial adhesion to cell monolayers grown in microtitre trays 
( 2.9.3 .3) was determined by adding 0.1 ml of radiolabelled bacteria 
(4.2.2) 1n 20 mM HEPES buffered Hank's balanced salts solution (HHBSS, 
pH 7.5 ) to each well (approximately 2 x 107 c.f.u.) . After incubation 
at 21°C, unattached bacteria were removed and monolayers washed three 
times with 0.2 ml HHBSS. The cell layers were then solubilized by 
adding 0. 1% Triton XlOO or 0. OS M NaOH ( 0. 2 ml per well) and well contents 
added to 2 ml Unisolve for scintillation counting. The scintillation 
counts of the inocula were also determined, and results were expressed 
as a percentage of the inoculum radioa.c tivity bound to cells. 
2.11.2 Adhesion screening of all A. salmonicida strains 
The adhesion of all A. salmonicida strains to RTG-2 and FHM 
monolayers was determined (2.11.1) with bacteria at a density of 
3 x 107 c.f.u. per well and incubating for 60 min. 
2.11.3 Effect of bacterial inoculum size on adhesion 
To determine the effect of bacterial inoculum size on adherence to 
RTG-2 and FHM monolayers, the standard adhesion assay (2.11 . 1) was 
modified by suspending bacteria to various densities within the range 
106 - 108 /0.1 ml. After 60 min incubation and radioactive count 
determination, the number of c.f.u. which had adhered was calculated 
using the specific activities of the bacteria. 
2.11.4 Effect of pH on adhesion 
The standard adhesion assay (2.11.1) was modified to determine the 
effect of pH on adhesion. Monolayers were washed with normal 
saline ( 0.85%) and 0.1 ml of saline at pH 5.0, 5 . 5, 6.0, 6 . 5, 7.0, 7.5, 
8.0 and 8.5 placed into wells. For pH 5 and 5.5, 0.1 M acetate buffered 
saline, and for the range 6- 8.5,0.1 M phosphate buffered saline were 
used . Bacteria were suspended in normal saline and 0.1 ml added to wells, 
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re~ulting in a total volume of 0.2 ml per well. Monolayers were 
incubated with the bacteria for 60 m1n. 
2.11 .5 Effect of temperature on adhesion 
The standard adhesion test (2.11.1) was used to determine the 
effect of the temper atures 0°C, 5°C, 10°C, 25°C and 30°C on adhesion. 
The 0°C incubation was obtained by placing the tray on melting ice. 
Monolayers were incubated with bacteria for 60 min. 
The kinetics of adhesion to BHK-21 monolayers over 90 m1n, at 37°C 
and 0°C, of bacteria suspended in tissue culture medium (2 .9.1 (2)) without 
serum or antibiotics was also determined. The standard adhesion assay 
(2 .11.1 ) incorporated four washes of monolayers with 1/4 strength Ringer's 
solution. 
2.11.6 Effect of sugars on adhesion 
The effect of the sugars D(+)mannose, a-methyl- D-mannoside, 
a-D- glucose, D(+)galactose and a-D-fucose ( 100 mM in PBS) was determined. 
The standard assay (2 . 11.1) was modified by 0 . 1 ml of the sugar solution 
(PBS as control) being added to the wells with the bacterial inoculum, 
resulting in a total volume of 0.2 ml per well. Incubation time was 
45 min. 
2.11.7 Effect of divalent cations and metabolic inhibitors on adhesion 
. 2+ 2+ . . .. To determ1ne the effect of Ca and Mg and metabol1c 1nh1b1tors 
on the adhesion of A. salmonicida to RTG-2 monolayers, the medium 
components were var ied . In a standard adhesion assay (2 . 11.1) bacteria 
were suspended in HHBSS with the following modifications : without 
calcium or magnesium (commercial product), containing 10 mM EDTA 
(ethylenediaminetetraacetic acid - chelates calcium and magnesium ions), 
glycol . . . . 10 mM EGTA (ethylene-b1s (oxyethylenen1tr1lo)tetraacet1c ac1d - chelates 
calc ium ions), 10 mM iodoacetic acid (glycolytic inhibitor) , 10 mM 
sodium azide (cytochrome inhibitor) and 10 ~g/ml puromycin dihydrochloride 
(protein synthesis inhibitor). Incubation time was 60 min. 
2.11 .8 Effect of opsonization on adhesion 
To determine the effect of opsonization of A. salmonicida on 
adhesion, bacteria were preincubated with trout sera (2.17 .1) and used 
in a standard adhesion assay (2 .11.1 ) with an incubation time of 60 min. 
2. 11.9 The kinetics of adhesion to fish cell monolayers 
The kinetics of adhesion to RTG-2, FHM and AS monolayers by 
A. salmonicida were studied with the following modifications to the 
standard assay . Adhesion to RTG-2 monolayers was assessed over 90 min 
with bacteria suspended in tissue culture medium (2.9.1(2)) without 
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serum or antibiotics, (106 c .f.u./well) and monolayers washed with 
1/4 strength Ringer's solution. Adhesion to FHM and AS monolayers was 
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assessed over 80 min with densities of 10 and 10 c.f.u. per well. In 
one experiment MDCK cells were used in a standard adhesion assay ( 2.11 .1 ). 
2.11.10 Effect of shaking on adhesion 
The effect of shaking on the adhesion by A. salmonicida was studied 
using RTG-2, FHM, AS and Pt-K-2 monolayers grown in 30 mm Petri dishes 
(2.9.3.3) . Cell layers were incubated with l ml of radiolabelled 
bacteria in HHBSS (107 c.f .u./ml) for up to 60 min at 21°C under static 
or shaking (120 strokes per min) conditions. For each sample the 
unattached bacteria were removed and cell layers washed three times 
with 3 ml HHBSS, with standardized agitation. Monolayers were 
solubilized with 0.05 M NaOH (1 ml) and 0.2 ml aliquots (in triplicate) 
taken for scintillation counting . 
2.11.11 Effect of growth medium on adhesion 
Bacteria were grown in 10 ml volumes (18 h, 20°C) of Brain heart 
infusion broth, casein-yeast beef broth, furunculosis broth, NB2 and 
TSB (2.2.4) prior to radiolabelling (4 .2. 2) . The standard adhesion assay 
(2.11 .1), with an incubation time of 60 min was used. 
2.12.0 Adhesion of A. salmonicida to isolated fish tissue 
The adhesion of A. salmonicida strains to rainbow trout skin, gills 
and gut epithelia was studied in vitro under static and shaking 
conditions. Material was dissected in sterile saline into small pieces 
(approximately 7 x 4 mm for flank skin and gut, 6 x 2 mm for gill 
fragments) and placed into 30 mm Petri dishes (3 per dish, scale surface 
of skin, and inner surface of gut, uppermost). Radiolabelled bacteria 
(4.2.2 , in 2 ml HHBSS or aquarium tank water, 107 c .f.u./ml) were added 
and the dishes incubated at 21°C static or shaking ( 120 strokes per min) . 
At intervals unattached bacteria were removed by washing with three 
changes of the chall enge medium. Pieces of tissue were then placed into 
scintillation vials and solubilized by incubation in l ml Protosol (New 
England Nuclear) for 2 - 3 h at 55°C. Digests were decolourized with 
0.4 ml hydrogen peroxide (20 vols available oxygen) and 2 ml of Unisolve 
added for scintillation counting. Counts were recorded after 2 days when 
background chemiluminescence had reached zero. 
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2.13.0 Passage of A. salmonicida across excised fish skin 
To determine whether A. salmonicida was capable of traversing the 
outer skin barrier of fish, the apparatus shown in Fig. 3 was used, 
modified from Bowers & Alexander (1982) . Skin flaps, dissected from the 
flank of rainbow trout and including the lateral line, were secured 
between the ground glass flanges. Sterile tissue culture medium 
( 2.9.1(2) without serum or antibiotics) was placed in the tube exposed 
to the inner skin surface and a suspension of A. salmonicida 
8 (10 c.f.u./ml in the same medium) next to the outer surface. Pumping 
of the culture ensured continual challenge of the skin by bacteria. 
After 24 h of exposure, penetration was qualitatively assessed by spread-
plating samples from the inner surface onto TSA and examining for brown 
pigment-producing colonies. The pH of the culture was maintained at 
neutrality throughout by the addition of 1 M NaOH. 
2 .14.0 Agglutination of cells by A. salmonicida 
Strains of A. salmonicida were grown for different lengths of time 
on TSA and in TSB (10 ml) at 20°C and 25°C. Bacteria were washed, 
resuspended in PBS to a cell density of 1.5 x 109 c.f.u./ml and assessed 
for their ability to agglutinate erythrocytes and yeast cells. Sugar 
inhibition was tested by incorporating lOO mM L-fucose, D-galactose, 
D-glucose, D-mannose and a-methyl-D-mannoside (in PBS) in the 
agglutination mixture. 
2 .14.1 Haemagglutination 
The haemagglutination properties of A. salmonicida were investigated 
using two methods. Blood cells from various sources were washed and 
resuspended as 3% suspensions in PBS. In the WHO plate assay, 200 ~1 
volumes of bacterial suspension (2.14.0) were mixed with 200 ~1 of blood 
in wells and agglutination patterns observed after 1 h incubation at 
room temperature. For sugar inhibition studies, 200 ~1 of sugar solution 
( 2. 14.0) was added. Slide agglutinations were performed using the method 
of Atkinson & Trust ( 1980). Equal volumes (20 ~1) of bacterial (2.14 . 0) 
and blood suspensions were mixed by gentle rocking on a slide for 10 min. 
Agglutination was assessed macro- and microscopically. For sugar 
inhibition tests 20 ~1 of sugar solution ( 2.14.0) was incorporated. 
2.14 . 2 Yeast agglutination 
fo r yeast agglutination tests, glutaraldehyde- fixed Saccharomyces 
cerevisiae cells were prepared as a 3% v/v suspension in PBS and slide 
agglutinations performed as above (2 .14.1) 
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Fig. 3 Apparatus used to assess the passage of A. salmonicida across 
excised fish skin. 
n, ___ Metal/foil ___ _ caps 
+--------------10ml----_.1 
tissue culture medium 
Skin flap 
Inner surface Outer surface 
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Peristaltic 
pump 
In all agglutination tests the relevant PBS/blood/yeast controls 
were performed. 
2.15.0 Interaction of A. salmonicida with phagocytes 
2.15.1 Association with mouse macrophages 
The association of radiolabelled bacteria (4.2 . 2) with cultured 
mouse macrophages (2.10 . 1) was determined at 37°C and 0°C in air. Bacteria 
were suspended in tissue culture medium 199 and 0.1 ml volumes added to 
each well. The procedure for washing and scintillation counting was the 
same as that used in adhesion assays (2.11.1) except that cell layers 
were washed twice with 1/4 strength Ringer's solution at 4°C (to prevent 
further phagocytosis) to remove unassociated bacteria. The effect of 
cytochalasin B on association was investigated by suspending bacteria 
in medium containing 10 ~g/ml cytochalasin B. Macrophage cultures were 
pretreated with this medium for 30 min in such assays. The association 
of bacteria opsonized with normal mouse serum (2.17.1, 107 c . f.u./ml) 
was also determined. 
The bacteria/macrophage interactions were also studied 
microscopically . Mouse macrophages were cultured on glass coverslips 
(0.4 ml of peritoneal aspirate seeded per coverslip and incubated as in 
2.10.1 in 30 mm Petri dishes and challenged for 30 min at 37°C with a 
bacterial suspension (3 ml of 107 c .f.u. /ml in HHBSS + 1% gelatin). 
After washing three times with 1/4 strength Ringer's solution, dishes 
received 3 ml of the HHBSS and cultures were further incubated at 37°C. 
Periodically coverslips were removed, stained with Giemsa (2 .7. 4) and 
the number of macrophages with associated bacteria counted. 
2.15. 2 Mouse macrophage killing assay 
To study the effect of macrophages on the viability of A. salmonicida, 
macrophage cultures (2 . 10.1 ) were challenged with 0 .1 ml of bacterial 
suspension (107 c.f.u ./well) for 1 hat 25°C . After washing with HHBSS 
the cultures were incubated at 25°C and 30°C. Periodically the culture 
medium was removed, well contents solubilized with 0.5% saponin and 
viable counts determined . 
2.16.0 Infection of Fish 
2.16.1 Injection of live A. salmonicida 
As part of a study to determine the 1n v1vo site of localization 
of A. salmonicida, trout were injected intramuscularly with 0.1 ml of 
strain CM30 in PBS (106- 7 c.f .u. ) either side of the dorsal fin . After 
3 days in an isolated tank, fish were killed by a sharp blow on the head 
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and dissected. Smears were taken from various sites and stained with 
Giemsa (2 .7. 4). Macrophages were obtained from the kidney and spleen, 
cultured and solubilized with 0.5% saponin for qualitative bacteriological 
examination by culture on TSA. 
2.16.2 Injection with fluorescein-labelled A. salmonicida 
Eight trout (mean weight 423 g) were inj ected with 0.25 ml of 
killed, fluorescein-labelled bacteria (2.2 .8 ) on either side of the 
8 dorsal fin (approximately 5 x 10 c.f.u. per fish). One fish received 
PBS as a control. At daily intervals up to 7 days fish were sacrificed 
and various samples examined for evidence of bacteria by fluorescence 
microscopy. Smears were made of blood, kidney and spleen suspensions 
before and after Percoll density gradient separation of cells ( 2 .10.4). 
Also the glass -adherent phagocytes from such preparations (population 
obtained after l h adherence for blood and 2 h for kidney and spleen) 
were assessed . 
2.17.0 Serum treatment of A. salmonicida 
2.17 .1 Method of serum treatment 
Aliquots of bacteria (1.5 ml, 1.5 x 109 c.f.u./ml) were pelleted 
(7,000 ~· 10 min) and resuspended in 0 .5 ml of various sera. After 
30 min incubation at room temperature (21°C), bacteria were washed and 
resuspended to the original volume. Some sera were aP6orbed by 
incubating 0 . 5 ml serum with bacteria (1 .5 x 109 c.f.u . /ml), followed by 
centrifugation to remove the bacteria. Sera were heat-treated to destroy 
complement at 45°C x 30 min for trout and carp (Rijkers, 1982) and 
56°C x 30 min for rabbit. 
2.17.2 Effec t of serum treatment on cell surface characteristics 
Se rum-treated bacteria were viewed microscopically for agglutination 
reactions, and phase partitioning (2.6.2) used to measure cell surface 
hydrophobicity . 
2.18 . 0 Association of A. salmonicida with trout phagocytes 
2.18.1 Association with adherent phagocytes 
A prel iminary study, by light microscopy, of A. salmonicida 
association with various adherent trout phagocytes was conducted . Single 
cell suspensions of kidney and spleen (2 .10. 3) were prepared in 5 ml of 
medium. Blood buffy coat cells were obtained by centrifugation of whole 
blood ( 20 ~· 5 min) and removal of the buffy layer into 2 ml of 
supplemented 115 medium (2.10.6). Coverslips, in 50 mm Petri dishes, 
were seeded with 0 . 5 ml of cell suspension and incubated for l h (21°C) 
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to allow adhesion of phagocytes. Following two washes and replacement 
with fresh medium, a further period of incubation (2 h) was allowed for 
the cells to spread. Cultures were then washed and 5 ml of bacterial 
suspension (107 c.f.u./ml in HHBSS) added. At various times coverslips 
were removed, washed, stained with Giemsa (2.7.4) and the number of 
cells with associated bacteria counted . 
2.18.2 Association of yeast cells with trout macrophages 
The interaction between macrophages and yeast cells was studied 
using kidney macrophages and fluorescein - labelled yeast . Macrophages 
were cultured on coverslips in 30 mm Petri dishes (20 h adhesion, 24 h 
spreading, 21°C). Yeast cells (109/ml) were heat killed (boiling 
water bath, 10 min) and fluorescein-labelled as for A. salmonicida 
(2.2.8) and resuspended in HHBSS to 108/ml . Treatment with normal trout 
serum was by incubating 4 x 108 cells in 2 ml of serum (room temperature, 
30 min). In some experiments macrophages were pretreated for 30 min 1n 
medium containing 10 ~g/ml cytochalasin B and yeast suspended 1n the same. 
Macrophage cultures were incubated with 2 ml of yeast suspension at 21°C 
and 6°C, washed with cold HHBSS ( 6°C) to minimise further phagocytosis 
and viewed by fluorescence microscopy. The method of Hed ( 1977) was 
used to differentiate between attached and ingested yeast. The number 
of fluorescing yeast ce lls per macrophage was counted before and after 
flooding with crystal violet ( 0 . 5 mg/ml in 0.15 M NaCl). Crystal violet 
only abolished the fluorescence of extracellular, attached cells, 
thereby allowing accurate determination of ingested organisms. 
2 . 18.3 Association with trout kidney macrophages 
The association of radiolabelled A. salmonicida (4.2.2) with 
kidney macrophages cultured in glass tubes (2.10.6) was determined. 
Macrophage cultures were incubated with bacteria( 1 ml per tube, 
107 c .f . u.) in HHBSS. At intervals unassociated bacteria were poured 
off , cultures washed twice with 2 ml of HHBSS and solubilized with 
0.05 M NaOH (0.2 ml). Tube con tents were mixed with 2 ml of Unisolve 
for liquid scintillation coun ting. After prior equilibration of 
macrophage cultures some experiments were conducted at 4°C . Bacterial 
inocula were also opsonized with trout sera (2 .17 .1). 
2. 18.4 In vitro killing of A. salmonicida by trout phagocytes 
The survival of A. salmonicida associated with blood and kidney 
phagocytes was invest i ga ted using a number of protocols. 
Blood leucocytes, obtained from Lymphoprep gradients ( 2.10. 5), 
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were challenged with A. salmonicida under static and shaking conditions. 
In the static assay leucocytes were incubated in microtitre tray wells 
( 0.2 ml/well, 1 h, 21°C) to allow adherence. After washing to remove 
unattached cells , wells were filled with 20 mM HEPES-buffered, minimal 
essential medium (MEM) and incubated to allow spreading ( 1 h, 21°C). 
Bacterial cultures (2 .2.3 ) were adjusted to approximately 105 c.f.u./ml 
and wells challenged with 0.1 ml volumes for 45 min. After 3 washes with 
HHBSS, wells were filled with MEM and further incubated at the same 
temperature. At intervals medium was removed and the viable counts of 
well contents determined after solubilization with 0.5% saponin (0.1 ml) 
(2.2 . 6) . In the shaking assay equal volumes ( 5 ml) of the leucocyte 
suspension and bacteria ( 106 c.f.u./ml) in MEM were mixed at 20°C 
(30 min, lOO strokes/min). Mixtures were washed three times with HHBSS 
(250 ~· 5 min, 4°C) to remove unattached bacteria and the resulting 
leucocyte suspension( 4 x 106 cells/ml) dispensed (0.2 ml volumes) into 
microtitre wells. Following adhesion (1 h, 21°C) and washing 
(0.2 ml HHBSS, twice), wells were filled with MEM. At intervals the 
viable counts of well contents were determined as above. For each assay 
the filling of wells with MEM was taken as time 0. 
To assess phagocytic killing by kidney macrophages a range of 
challenge systems was investigated. 
2.18 . 5 Microtitre tray assay 
Kidney macrophages were cultured in microtitre trays and challenged 
with approximately 8 x 105 c .f.u. of A. salmonicida in MEM (0.1 ml) for 
20 - 25 min at 21°C. After washing twice with HHBSS ( 0.2 ml), wells 
were refilled with MEM (time 0) and at intervals viable counts of well 
contents determined (2.18.4). 
2.18.6 Tissue culture tube assay 
Macrophage cultures in glass tubes ( 2.10.6) were challenged with 
1 ml of a bacteria l suspension( 107 c .f.u.) for 20 - 30 min at 21°C. 
In separate experiments bacteria were suspended ~n MEM or HEPES-buffered 
115 medium. After washing( 3 x 2- 3 ml PBS or HBSS) 1 ml of medium was 
replaced. At intervals after this, medium was removed, tube contents 
solubilized with 1 ml of 0.5% saponin and viable counts determined. 
2.18.7 Killing of A. salmonicida under shaking conditions 
The method of Cinco & Banfi ( 1983) was used to assess the activity 
of kidney macrophages against A. s almonicida. Equal volumes( 10 ml) of 
macrophage suspension (3 x 106 cells/ml) and bacteria ( 3 x 107 c.f .u. /ml) 
in 20 mM HEPES-buffered 115 medium were incubated at 25°C in a shaking 
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water bath (lOO strokes/min). At various times after initial mixing 
(time 0), 2 ml volumes were removed and the macrophages washed twice 
with 5 ml HBSS (150 ~· 7 min, 4°C). The viable counts of pooled washing 
supernatants and the resulting pellet ( solubilized with 1 ml of 
0.5% saponin) were determined to assess the numbers of cell-associated 
and free-living bacteria. 
2.18.8 Effect of serum treatment on phagocytic killing 
To assess the effect of opsonization on kidney macrophage killing, 
8 bacteria were treated with normal trout serum (2 . 17.1, 10 c.f.u. /ml) 
and suspended to 107 c.f.u./ml in HHBSS. Macrophage cultures were 
challenged as 1n 2.18.6 using HHBSS as the medium throughout . 
2.19 .0 Chemiluminescence 
The measurement of the chemiluminescence response ( CL) elicited by 
phagocytes when interacting with particles allows a direct assessment 
of phagocytic events. The interaction between A. salmonicida and 
phagocytes from a number of sources was studied by measuring the Luminal 
( 5-amino-2,3-dihydro-1,4-phthalazinedione)-dependent CL, in order to 
investigate the initial encounters between phagocyte and microbe. Since 
CL is reduced by the presence of phenol red ( Easmon ~ ~· , 1980), this 
component was not included in media. 
CL assays were performed in a Luminometer 1250 (LKB Wallac) with 
continuous output to a chart recorder. Replicate determinations were 
made and the means of values obtained at specific times were calculated 
and plotted to produce a 'mean ' trace. 
2.1 9.1 Mouse peritoneal macrophages 
Peritoneal aspirate ( 2.10.1) was dispensed into luminometer vials 
( 0 .5 ml per vial) and incubated for 1 h at 37°C in 10% C02 . Cultures 
were washed twice with HHBSS (pH 7.4) prior to assays . A. salmonicida 
cultures were suspended to 108 c.f .u./ml in the HHBSS. The luminal 
r eagent was a saturated solution in foetal calf serum (Blumenstock & 
Jann, 1981). For the assay 25 ~1 of luminal reagent, 25 ~1 of 
bacterial suspension and 0.5 ml HHBSS were added to the vials at 37°C . 
2.19.2 Human leucocytes 
The CL assay using these cells was performed at 37°C according to 
the method of Easmon e t al . (1980). The reaction mixture of 0 .5 ml 
cell suspension( 2.10.2), 0 . 9 ml HHBSS (pH 7.4) and 10 ~1 of luminal 
solution ( 2 x 10-3 M in DMSO) was allowed to form a baseline before 
the addition of 0.1 ml bacterial suspension (2 x 108 c.f.u . /ml in PBS) . 
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In some cases bacteria were opsonized by incubation with normal human 
serum(2.17 . 1) at 37°C. 
2 .19.3 Trout phagocytes 
Initially experiments were conducted to determine whether trout 
phagocytes elicited a measurable CL response by using zymosan as the 
phagocytic particle. Zymosan was opsonized according to Scott & 
Klesius ( 1981). Zymosan A (40 mg) was added to 4 ml of PBS and boiled 
for 30 min . Following centrifugation (600 ~· 5 min) the pellet was 
resuspended in 4 ml of normal trout serum and incubated at 21°C for 
30 min. After washing (600 ~· 5 min) with 5 ml PBS, the zymosan was 
suspended in HHBSS to obtain a suspension of 5 mg/ml. Luminal was 
prepared as the potassium salt, since the compound has a limited 
solubility ~n water and, in a comparison of different methods of 
attempting to solubilize it, Scott & Klesius (1981) found this to give 
the highest CL activity. To 10 ml of distilled water were added 0 . 78 g 
of potassium hydroxide, 0.618 g of boric acid and 0.014 g of luminal. 
This gave an 8 mM stock solution which was stored ~n a foil-wrapped 
bottle at· 4°C and was stable for 7 days. Stock luminal was diluted 
with HHBSS to give a 0.05 M working solution . Phagocyte suspensions 
from kidney, spleen and blood were obtained by Lymphoprep density 
gradient separation( 2.10 . 5) and suspended in HHBSS (without phenol red). 
All CL assays with these cells were conducted at ambient temperature 
(21°C) . The reaction mixture contained 0.5 ml cell suspension (107 cells/ml), 
0 . 5 ml of 0 . 05 M K-salt luminal and 0.5 ml of zymosan or A. salmonicida. 
Bacterial cultures (2.2.3) were adjusted to 1.5 x 109 c.f.u./ml in PBS 
and opsonized with var~ous mammalian and trout sera (2.17.1). Phagocyte 
suspensions were kept at 4°C until use. Luminal was added to the cell 
suspension and the bacteria added only after a baseline response had been 
established. Periodically the bacterial suspension was substituted by 
PBS alone as a control . In some experiments A. salmonicida was heat 
killed ~n a boiling water bath for 30 min. 
2.20.0 Statistics 
Generally experiments were performed in triplicate and the mean 
and standard error (SE) values calculated. The "Student's t" test (unless 
otherwise stated) and Wilcoxon ' s sum of ranks test ( Langley, 1970) were 
used, where appropriate, to determine whether sets of data were 
significantly different from each other. Standard error bars, however, 
were not included in all figures and graphs fo r the sake of clarity. 
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CHAPTER 3. BIOCHEMICAL PROPERTIES AND PHYSIOLOGY OF A. SALMONICIDA 
3 .1.0 Introduction 
A pathogenic mic robe differs from the majority of free-living 
microorganisms in its ability to cause disease in a susceptible host. 
Such organisms have biochemical properties which determine their 
pathogenicity (Smith, 1978) . 
The bacterial cell surface ~s of key importance in the disease 
process (Smith, 1977) since it is the component of the pathogen that 
~s in immediate contact with the host environment. The initial step 
~n the infection and colonization of an animal host by many bacteria 
~s attachment to the epithelial surface (Arbuthnott & Smyth, 1979), 
involving the bacterial outer surface. In addition, the bacterial 
surface is important in the ability of pathogens to overcome the humoral 
(Buchanan & Pearce, 1979; Braude, 1981; Taylor, 1983) and cellular 
(Quie e t ~·, 1981; Wilton, 1981) defence mechanisms of the host. 
In contrast to mammalian diseases, there is a paucity of knowl edge 
concerning the molecular basis of piscine bacterial pathogenicity 
(Munn & Trust, 1981). A study of the biochemical properties and 
physiology of virulent and avirulent strains of A. salmonic ida could 
yield information r egarding the nature of virulence determinants, and 
consequent mechanisms of initial colonization and counteraction or 
evasion of various host defences. 
A major virul ence determinant of A. salmonicida appears t o be the 
s utface located A-layer (1 . 1.5 ) . The prec i se role of this structure ~n 
pathogenicity is not known, so this study was devised to examine the 
dif ferences between strains of A. salmonic ida which pos sess the A-layer 
and those devo id of this component. 
In this first section strains were investigated with particular 
emphasis on culture charac t eristics , gr owth kinet i cs, antibiotic and 
enzyme sens itivities and cell surface hydrophobicity. 
3.2.0 Results 
3 . 3 .0 Biochemical Tests 
The results of biochemical tests for all the strai ns of A. salmonic ida 
used i n this pro j ec t are s hown in Table 2. All strai ns were positively 
ident i fied according to the c ri te ria of McCarthy (1975) . Interstrain 
variation was only observed with fermentation of manno se, production of 
gas f r om glucose and the degree of ge l atin liquefaction. Hydrolys i s of 
urea only occurred with one strain (450/3) . 
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Table 2. Biochemical characteristics of A. salmonicida 
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449 + F + + ± + ± 
449/3 + F + + ± -a ± 
449/3/R + F + + ± ± ± 
450 + F + + ± ± -a ± 
450/3 + F + + ± ± ± + 
450/3/R + F + + + ± + 
451 + F + + ± -a + ND 
451/3 + F + + + ± + ND 
451/3/R + F + + ± ± + 
CM30 + F + + + 
CM30/3 + F + + + ND 
BRl + F + + -a ± ND ND 
+ Positive 
Negative 
± Weak reaction 
a Acid production only 
ND Not detennined 
*Stable tests essential for positive identification according to 
McCarthy (1975). 
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3.3.1 Culture characteristics of A. salmonicida 
The appearances of TSA and TSB cultures are described in Table 3. 
Distinct differences ~n culture characteristics between strains of 
A. salmonicida were apparent. 
On solid media strain numbers 449, 450, 451, CM30 and BRl 
produced smooth, "ice-hockey-puck" colonies which could be moved ~n 
their. entirety on the surface of the agar. (Plate la) and growth in 
unshaken broth culture settled to the bottom of the universal bottle 
(Plate 2). 
Strain numbers 449/3, 450/3, 451/3 and CM30/3 produced mucoid 
colonies (Plate lb) and yielded evenly turbid broth cultures (pla~e 2). 
Strains 449/3/R, 450/3/R and 451/3/R possessed colony mor.phologies 
identical to the '/3' strains, although broth culture characteristics 
were variable. 
Colonies of strains 449, 450, 451, CM30 and BRl were more domed 
than strains 449/3, 450/3, 451/3 and CM30/3 with the former. being 
slightly smaller. in diameter than the latter.. Generally strains 449/3/R, 
450/3/R and 451/3/R colony diameters were intermediate. These differences 
became more obvious after. prolonged incubation of 7 - 14 days. 
No variation in colony colour. between strains was apparent; all 
bacteria produced grey/white colonies. Pigment production by all 
strains was apparent after 48 h incubation. 
3.3.2 Autoagglutination 
Loopfuls of growth from TSA cultures were emulsified in PBS and 
assessed for. the formation of granular aggregates (2.2.11). Results 
obtained by eye were confirmed microscopically. 
Autoagglutination only occurred with colonies of strains 449, 450, 
451, CM30 and BRl (Table 3). 
3.3.3 Routine identification of A. salmonicida 
Throughout this study all strains of A. salmonicida were 
routinely identified by their Gram stain reaction and pigment 
production when cultured on TSA (20°C, 48 h). Strains were distinguished 
by colony morphology (3.3.1) and autoagglutinability in PBS (3.3.2). 
3.3.4 Effect of medium on autoagglutination 
The times taken for strains 449 and CM30 to autoagglutinate in a 
variety of salt solutions and media used in this study were determined 
(2.2.13). The results ~n Table 4 showed that autoagglutination 
occurred in all fluids apart from distilled water. The time taken to 
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Plate 1. Seven-day TSA cultures of A. salmonicida showing 
characteristic morphologies and pigment production 
a) Strain CMJO, showing "ice-hockey-puck" colonies 
b) Strain CMJ0/3, showing mucoid colonies 
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a 
Plate 2. Tryptone soy broth cultures of A. salmonicida (48 h) 
Arrow indicates settled growth 
449 449/3 
STRAIN 
CM30 CM30/3 
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Table 3. Culture characteristics of A. salmonicida 
1 Appearance Colony 3 
Colony Agglutination Strain of broth diamet~r 
culture 2 morphology (mm) in PBSS 
449 Settled Domed,smooth,ice-puck6 1.5 + 
449/3 Turbid Flat dome,mucoid 2.5 
449/3/R Settled Flat dome, sticky 1.6 
450 Settled Domed,smooth,ice-puck 1.7 + 
450/3 Turbid Flat dome,mucoid 2.3 
450/3/R Turbid/ Flat dome,mucoid 1.9 
slight 
settling 
451 Settled Domed,smooth,ice-puck 1.9 + 
451/3 Turbid/ Flat dome,mucoid 2.1 
slight 
settling 
451/3/R Turbid Flat dome,mucoid 1.3 
CM30 Settled Domed,smooth,ice-puck 1.4 + 
CM30/3 Turbid Flat dome,mucoid 1.5 
BRl Settled Domed,smooth,ice-puck 2.0 + 
1 See Table 1 for surface characteristics 
2 Incubation in TSB for 48 h, unshaken at 20°C 
3 Incubation on TSA at 20°C 
4 7-day TSA cultures 
5 Loopful of culture emulsified in PBS 
6 "Ice-hockey-puck" colony. See 3.3.1 
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Table 4. Effect of medium composition on autoagglutination by 
A. salmonicida strains 449 and CM3o 
Strain Time taken to agglutinate (s) 
Suspending medium 
PBS Ringer's 1 HHBSS 2 TSB Tank Distilled water 
--- water 
449 15 10 15 15 20 
CM30 15 10 15 10 20 
No agglutination 
1 1/4 strength Ringer's solution 
2 20 mM HEPES Hank's Balanced Salts Solution 
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agglutinate was longer ~n water taken from an aquarium tank than for any 
laboratory media. 
3.3.5 Effect of bacterial concentration on autoagglutination 
To study the effect of bacterial concentration on autoagglutination, 
a suspension of strain 449 in PBS (1.4 x 109 c.f.u./ml) was diluted by 
two-fold steps in the same buffer (2.2.14). Suspensions viewed 
microscopically (Plate 3) showed that the size of aggregates diminished 
with dilution. At a cell density of 1.4 x 109 
appeared as granular aggregates whereas at 2.3 
bacteria/ml, the clumps 
7 ' 
x 10 bacteria/ml (the 
lowest concentration at which bacteria were discernible) the average 
clump size was 2 or 3. 
3.3.6 Ultrastructure of A. salmonicida 
In order to examine the structural components of A. salmonicida, 
whole cells and ultra-thin sections of bacteria were viewed by 
transmission electron microscopy (2.7.1). 
Negatively stained CM30 was seen to possess extracellular material, 
apparently sloughed off from the bacterial surface, which was composed 
of regular tetragonal subunits (Plate 4). This material was not seen 
~n preparations of strain CM30/3. 
Ultrathin sections of CM30 and BRl showed a layer exterior to 
the typical Gram-negative cell envelope (Plates Sa & b) which was absent 
~n preparations of CM30/3 (Plate 6). 
Membrane vesicles were visible in ultrathin sections of CM30, 
CM30/3 and BRl and floating free in the culture medium (Plates 5 & 6). 
3.3.7 Polyacrylamide gel electrophoresis of cell envelope fractions 
of A. salmonicida 
SDS-PAGE of cell envelope membrane preparations (2.3.1 & 2.3.2) 
resulted in the protein profiles shown in Plate 7. Strains 449, CM30 
and BRl contained a 51-kdal protein as the major component of the 
preparations. This component was absent in membrane preparations from 
strains 449/3 and CM30/3 although that from 449/3 did contain an 
appreciable amount of a protein with a molecular weight of 69 kdal. 
Comparisons between the protein profiles of cell envelope fractions 
before and after membrane isolation showed the bulk of the preparation 
to be soluble ~n sodium lauryl sulphate. 
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Plate 3. Effect of bacterial concentration on autoagglutination by 
A. salmonicida strain 449 
a - 1.4x 109 c. f. u. /ml 
b - 7.0 X 108 c.f.u./ml 
c - 3.5 X 108 c.f.u./ml 
d - 1.8x 108 c. f. u. /ml 
e - 9.0 X 107 c.f.u./ml 
f - 4.5 X 107 c. f. u. /ml 
g - 2.3 X 107 c.f.u./ml 
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Plate 4. Transmission electron micrograph of negatively stained 
A. salmonicida strain CM30. 
[Note the A-layer sloughed off from the cell surface (arrowed).J 
X 51,000 
Bar= 0.25 11m 
Magnified area shows the typical subunit pattern of the A-layer (A) 
X 88,000 
Bar= 0.25 11m 
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Plate 5. Transmission electron micrographs of ultrathin sections of 
A+ A. salmonicida. 
[Note the A-layer (arrowed) and the apparent absence of the A-layer on 
membrane vesicles (v).] 
a) Strain CM30 
X 77,000 
Bar = 0.25 llffi 
b) Strain BRl 
X 166,000 
Bar = 0. 1 llm 
\ 
'I 
'\ 
,, 
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Plate 6. Transmission electron micrograph of ultrathin section of 
A. salmonicida strain CM30/3. 
[Note membrane vesicles (v) and absence of the A-layer.] 
X 113,000 
Bar = 0. 1 IJffi 
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Plate 7. SDS-PAGE of A. salmonicida cell envelope fractions 
Lanes 1 & 2 Strain 449 
Lanes 3 & 4 Strain 449/3 
Lanes 5 & 6 Standards 
Lanes 7 & 8 Strain CM30 
Lanes 9 & 10 Strain CM30/3 
Lanes 11 & 12 - Strain BRl 
Arrowhead identifies the subunit polypeptide of the A-layer with a 
molecular weight of 51 kdal. 
Standards: I- bovine albumin (66,000), II- ovalbumin (45,000), 
Ill- glyceraldehyde-3-phosphate dehydrogenase (36,000), IV- carbonic 
anhydrase ( 29,000), V - trypsinogen ( 24,000), VI - trypsin inhibitor 
(20,100), VII- lactalbumin ( 14,200) 
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3.4.0 Growth kinetics of A. salmonicida 
3.4.1 Doubling time 
The doubling times of log phase, unshaken TSB cultures of 
A. salmonicida ( 2.4.1) are shown in TableS. Cultures, from which 
measurements were taken, were growing exponentially between 3 and 10 h 
after inoculation. Due to settling of growth in liquid media (3.3.1), 
cultures were well mixed prior to sampling. 
Strains 449 and 4Sl showed a slower growth rate than their 
A-layer-negative derivatives but this trend was reversed between the 
pair of strains 4SO. and 4S0/3. However, p values were greater than 
O.OS, indicating that such differences were not significant. 
3.4.2 The pH growth range of A. salmonicida 
The abilities of strains 449, 449/3, CM30 and CM30/3 to grow'within 
the pH range 3.0 - 9.8 was determined by measurement of culture 
absorbance (2.4.2). To assess the effect of growth on pH, the pH of the 
medium was measured prior to inoculation and after the 24 h incubation. 
When growth occurred strains 449 and CM30 settled out into pellets, 
necessitating thorough mixing prior to absorbance measurements, whereas 
cultures of strains 449/3 and CM30/3 were turbid. 
Each strain showed optimum growth at pH 6.0, with growth occurring 
between pH S.S and 9.4 (Fig. 4). The absorbances of cultures of strains 
449/3 and CM30/3 were generally higher than those of strains 449 and CM30. 
The pH of each culture after incubation was the same as that of the 
corresponding uninoculated broth. Bacterial isolates from broth culture 
samples throughout this pH range were each identified as A. salmonicida 
of the appropriate colony morphology (3.3.3, Table 3). 
3.4.3 Temperature growth range 
The temperature growth ranges of A. salmonicida strains were 
determined in TSB over the range S°C- 3S°C (2.4.3). 
Growth of all strains, as measured by culture absorbance after 
thorough mixing, increased from a minimum at S°C to a plateau at 2S°C -
30°C. Growth at 3S°C was markedly reduced (Table 6). The broth cultures 
of strains 449/3 and CM30/3 appeared turbid throughout the temperature 
range. Growth of strains 449 and CM30 settled to the bottom of the 
tubes at 1S°C, 20°C and 2S°C but became turbid at 30°C. Examination of 
colony morphology of bacteria isolated from some 2S°C - 3S°C samples 
shm;ed that strains 449/3 and CM30/3 produced mucoid colonies throughout 
the range. From the 2S°C culture sample only "ice-hockey puck" colonies 
were produced by strain 449, whereas from the 30°C sample, strain 449 
~ 
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Table 5. Doubling times of A. salmonicida strains 
Strain Mean doubling time ( h)* 
449 3.04 
449/3 2.62 
450 2.83 
450/3 3.29 
451 3.00 
451/3 2.71 
*Triplicate determinations from 
growth curve 
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Fig. 4 The pH growth range of A. salmonicida 
0·6 
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0 
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"' 
"' < 
0·2 
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pH 
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Table 6. Temperature growth range of A. salmonicida 
Strain Absorbance at 590 nm 
Growth temperature 
5°C 15°C 2o0 c 25°C 3o0 c 35°C 
449 0.02 0.22 0.35 0.44 0.48 0.04 
449/3 0.02 0.24 0.39 0. 49 0.51 0.04 
CM30 0.02 0.25 0. 36 0.45 0.34 0.02 
CM30/3 0.01 0.23 0.38 0.51 0.44 0.06 
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yielded 13%, and strain CM30 10% mucoid colonies. 0 From the 35 C sample 
23% of the colonies produced by strain 449 were mucoid. 
3.4.4 Growth kinetics at elevated temperature 
A. salmonicida strains 449 and CM30 were grown in shaken and 
unshaken culture at 30°C (2.4.4). The growth kinetics are· shown in 
Fig. 5. 
Shaking cultures produced biphasic growth curves. Culture 
absorbance of strain CM30 throughout the growth period of the experiment 
was quantitatively less than for strain 449. However, the curves were 
qualitatively similar and the final absorbance values could not be 
recorded after 56 h due to extensive production of the water-soluble 
brown pigment. 
Culture samples were assayed for autoagglutinability ( 2.2.11) 
throughout the experiment. Cells autoagglutinated at the beginning of 
the culture and samples from the stationary phase were 
non-,autoagglutinating. However, in shaking cultures there was a 
transition period of weak autoagglutinability (the time taken to 
autoagglutinate was longer than for the positive control) between 20 h 
and 26 h, coinciding with the growth phase change of the cultures. 
·shaking cultures of strains 449 and CM30 at 20°C produced 'typical' 
bacterial' growth curves. Autoagglutinating cells were present 
throughout the growth cycle of the culture (Fig. 6). However, the 
final cell density of bacteria was identical to that of shaken 30°C 
cultures. 
3.4.5 Isolation of an A-protein deficient mutant 
Experiments had indicated that certain strains of A. salmonicida 
possessed an additional surface layer which appeared to be the A-protein, 
a major virulence factor of this bacterium. Mutant strains, devoid of 
this determinant, have been obtained by culture of A-protein producing 
strains at the elevated temperature of 30°C (Ishiguro ~ ~·· 1981). 
In order to attempt to obtain an A-protein deficient mutant of 
strain CM30, an A. salmonicida strain isolated in this laboratory, 
cultures were grown at elevated temperature( 2.4.5). In total 4 inocula 
0 
were successively subcultured at 30 C for 6 days. The condition of 
cultures over this period was monitored with respect to appearance of 
the culture, colony characteristics of samples and autoagglutination 
reactions. The results of one series are cited as representative of 
the whole experiment. 
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Fig. 5 The growth kinetics of A. salmonicida strains at elevated 
temperature (J0°C) 
10 
-
+ 
- -:!:- - -
0·1 
001+-----or-----r----~-----.------,-----,-----­
O 8 16 24 32 40 48 56 
Time (h) 
o strain 449, shaken 
0 strain CMJO, shaken 
• strain CMJO, unshaken 
For shaken cultures only: 
+ autoagglutinating 1n PBS 
+ weakly agglutinating 1n PBS 
. 
no agglutination 1n PBS 
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Fig. 6 Growth kinetics of A. salmonicida strains shaken at 20°C 
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The cultures appeared turbid from the first 30°C subculture of the 
original broth containing strain CM30. (Growth in the 20°C culture from 
which the initial inoculum had been taken was settled at the base of the 
culture vessel.) Colony characteristics were not definitive- samples 
from the first two subcultures were slightly mucoid, those from 
subcultures 3 and 4 very mucoid and those from 5 and 6 slightly mucoid. 
Samples taken from the parent culture and first subculture autoagglutinated 
~n PBS but this ability was lost fr.om the second subculture onwards. 
A mutant, from series number 3, and labelled CM30/3, was examined 
by electron microscopy (Plate 6) and SDS - PAGE of the cell envelope 
(Plate 7). The extra surface layer and 51 kdal protein, present in the 
parent strain, were absent from mutant strain CM30/3. 
Further culture of strain CM30/3 at 20°C and 30°C for 24 h failed 
to produce any autoagglutinating colonies. 
3.4.6 Effect of bile salts 
The effect of bile salts on the growth of four strains of 
A. salmonicida was determined by comparing the absorbance of TSB cultures 
with those ~n MacConkey broth (2.5.1). All four strains were capable 
of growing in the medium containing bile salts (Table 7). Strains 449/3 
and CM30/3 grew better than strains 449 and CM30 in both media. Samples 
taken for assessment of A-layer (3.3.1, 3.3.2) showed that this component 
was still present on strains 449 and CM30 grown in MacConkey broth. 
To assess the ability to grow in fish bile, wells were cut ~n 
seed~d TSA plates and filled with freshly collected trout bile. No zones 
of inhibition of growth were observed with strains 449 and 449/3. 
3.4.7 Effect of hydrogen peroxide 
The effect of hydrogen peroxide on the growth of A. salmonicida 
was determined by filling wells in seeded TSA with a series of dilutions 
of hydrogen peroxide (2.5.2). After 48 h incubation, zones of 
inhibition of growth were measured. The results are shown in Table 8. 
The inhibitory effect of hydrogen peroxide was concentration dependent 
and no difference in susceptibility between strains was apparent. No 
inhibition of growth occurred when distilled water was substituted for 
hydrogen peroxide as the control. 
3.5.0 Antibiotic sensitivity of A. salmonicida 
3.5.1 Antibiogram of A. salmonicida 
The effect of various antibiotics contained in Mastrings on the 
growth of A. salmonicida was investigated (2.2.12). Sensitivity patterns 
are shown 1n Table 9. 
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Table 7. Comparison between growth of A. salmonicida 1n MacConkey 
broth and TSB 
Strain Culture absorbance 
TSB1 MacConkey broth 2 
449 0.226 0.487 
449/3 0. 293 0.591 
CM30 0.238 0.244 
CM30/3 o. 294 0.524 
1 Read at 590 nm - the m1n1mum absorbance 
wavelength of TSB 
2 Read at 460 nm - the m1n1mum absorbance 
wavelength of MacConkey broth 
Table 8. Effect of hydrogen peroxide on growth of A. salmonicida 
Strain Zone size (mm)* 
Concentration of hydrogen peroxide (mM) 
18 9 4 2 
449 14.6 13.3 11. 1 9.5 
449/3 15.6 13.5 11.8 10. 7 
* - Zone sizes were measured as the radial distance 
between the edges of the well and the zone of 
inhibition. Values are the means of 8 measurements. 
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Table 9. Antibiotic sensitivity of A. salmonicida strains 
Antibiotic 
(IJg/disc) 
449 449/3 450 
Z • (mm) I one s~ze 
Strain 
450/3 CM30 
Ampicillin 7.4 9.6 8.1 8.4* 10.9 
(10) 
Chloramphenicol 0 0 0 0 12.4 
( 25) 
Cephalexin 7.2 8.6* 6.1 ~.6 7.3 
( 30) 
Colistin sulphate 4.6 4.6 4.6 4.4 4.5 
( 25) 
Erythromycin 6.0 7.0 1.3 0.5 3.0 
(5) 
Gentamicin 4.2 4.4 5.2 4.3 5.6 
(10) 
Novobiocin 0 5.8* 0 0 0 
( 5) 
Penicillin G 0 0 0 0 0 
(1 unit) 
Streptomycin 1.0* 0 1.2* 0 3.6 
(10) 
Sulphamethoxazole 0 0 0 0 10.0* 
(25) 
Tetracycline 0.5 1.0* 0 0 8.5 
(10) 
Tetracycline 0.5 3.6* 0.5 0.5 11.9 
(25) 
Ticarci11in >20 >20 >20 >20 >20 
( 75) 
Trimethoprim 0 9.4* 0 0 0 
( 1. 25) 
* Zone contained resistant colonies. 
CM30/3 BRl 
12.0 11.4 
13.0 12.8 
11.2* 7.8 
3.5 4. 7 
2. 1 2. 7 
6. 9 5. 9 
0 3. 9* 
0 0 
5.0 4.6 
5.0* 0 
7.4 8.7 
11.3 12.2 
>20 >20 
3.5* 0 
1 - Zone sizes were measured as the radial distance between the edges of 
the disc and the zone of inhibition. 
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The selection of some resistant colonies occurred with ampicillin 
(strain 450/3), cephalexin (strains.449/3 and CM30/3), novobiocin 
(strains 449/3 and BRl), streptomycin (strains 449 and 450), 
sulphamethoxazole (strains CM30 and CM30/3), tetracycline (strain 449/3) 
and trimethoprim (strains 449/3 and CM30/3). 
All strains were resistant to novobiocin, penicillin G, 
sulphamethaxazole and trimethoprim. 
For some antibiotics, resistance was dependent on the geographical 
origin of the bacteria - strains 449, 449/3, 450 and 450/3 (originally 
from France) were resistant to chloramphenicol, whereas the strains 
isolated in Britain (CM30, CM30/3 and BRl) showed sensitivity. ,This 
pattern also occurred with streptomycin and tetracycline.' 
Within the B-lactam group of antibiotics, resistance occurred 
with all strains to penicillin c, intermediate resistance to ampicillin 
and high sensitivity to ticarcillin. With ticarcillin the zone of 
inhibition extended beyond the edge of the plate. 
3.5.2 Minimum inhibitory concentrations of antibiotics for 
A. salmonicida 
The MICs of antibiotics known to act as hydrophobic and 
hydrophilic molecules were determined for A. salmonicida (2.2.12). The 
results are shown in Table 10. Only greater than two-fold differences 
in MIC values were considered relevant. All tests were incubated for 
4 days to allow presumptive identification of A. salmonicida by pigment 
production. 
Of the hydrophobic antibiotics, a difference in susceptibility 
between pairs of strains was only apparent for strains 449 and 449/3 
with respect to polymyxin and rifampicin. In both these cases strain 
449 showed a lower MIC than its A- derivative. All strains showed 
comparatively high resistance to nafcillin and vancomycin. No difference 
1n susceptibility to the hydrophobic dye crystal violet was detected. 
Susceptibility to hydrophilic antibiotics was more varied. All 
strains were highly resistant to penicillin G and streptomycin. 
Strains 449, 449/3, 450 and 450/3 were also highly resistant to 
chloramphenicol. 
Differences 1n MIC values between paired strains were apparent 1n 
the following combinations: 449 and 449/3 with cloxacillin, erythromycin 
and gentamicin; 451 and 451/3 with cloxacillin, ery.thromycin and 
gentamicin; CH30 and CM30/3 with chloramphenicol and gentamicin. In all 
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Table 10. Minimum inhibitory concentrations of antibiotics for strains 
of A. salmonicida 
Antibiotic Minimum inhibitory concentration (IJg/ml) 
Strain 
449 449/3 450 450/3 451 451/3 CM30 CM30/3 
HYDROPHOBIC 
ANTIBIOTICS 
Nafcillin >800 800 >8oo >800 400 200 400 800 
Nalidixic acid 3.12 3.12 3.12 3.12 1. 56 1.56 3. 12 3. 12 
Novobiocin 25 25 25 25 25 25 25 25 
Oxolinic acid <0.19 0. 39 6.25 6.25 <0.19 1. 56 0.39 0.39 
Polymyxin 0.78 6.2 12.5 25 12.5 12.5 12.5 12.5 
Rifampicin 0. 78 6.25 3. 1 6.2 3. 1 6.25 3.1 0.31 
Vancomycin >800 >800 >800 >800 >800 >800 >800 >800 
HYDROPHILIC 
ANTIBIOTICS 
Ampicillin 0.78 1. 56 1. 56 1. 56 0.39 0. 78 1. 56 so 
Carbenicillin 0.39 1. 56 0.78 1. 56 0.39 0.78 0.19 0.39 
Chloramphenicol 800 400 >800 >800 1. 56 1. 56 1.5 so 
Cloxacillin <0.39 200 200 200 <0.39 200 25 so 
Erythromycin <0.39 25 so 25 <0.39 12.5 25 25 
Gentamicin <0. 78 so so so <0. 78 25 so 12.5 
Neomycin so 100 so so so so 100 so 
Penicillin G >lOO >lOO >lOO >lOO >lOO >lOO >lOO >lOO 
Streptomycin 400 800 >800 800 400 200 100 so 
DYE 
Crystal violet 25 25 25 25 12.5 12.5 12.5 25 
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cases (apart from the pair of strains CM30 and CM30/3 with gentamicin) 
the '/3' strains required higher MICs than their parental strains. 
3.6.0 Enzyme susceptibility of A. salmonicida 
3.6.1 Effect of proteolytic enzymes 
The effect of incubation in PBS solutions of chymotrypsin, trypsin, 
non-specific protease, and papain on the viability of A. salmonicida 
strains 449 and 449/3 was determined (2.5.3). The results shown in 
Fig . 7 indicate that the non-specific protease was the only enzyme to 
significantly affect viability over the 3 h time period and the 
resulting reduction (as a percentage of the original inoculum) was 
equal for strains 449 and 449/3 . Control incubations in PBS alone showed 
no decrease in percentage viable count. 
3.6.2 Effect of 'lysosomal' enzymes and pepsin 
The susceptibility of A. salmonicida to pepsin and enzymes 
cons idered components of the lysosome-mediated killing mechanisms of 
phagocytes was determined at the optimum pH for each enzyme (2 .5.4) . 
Results were expressed as the percentage viable count of the inoculum 
and are shown in Fig . 8 . 
Control incubations 1n citrate buffer alone for 3 h resulted in 
100% and 106% viability for strains 449 and 449/3 respectively. In 
bicarbonate buffer alone the viability of strain 449 decreased to 
20% and that of strain 449/3, to 17%. 
A marked reduction in viability occurred for both strains when 
incubated with cathepsin. Acid phosphatase had no effect on strain 
449/3 but an increase in viability occurred with strain 449. This trend 
was reversed with l ysozyme in the incubation buffer. Pepsin and 
alkaline phosphatase produced slight decreases in the viability of both 
strains . 
Lysozyme activity was confirmed by substituting Micrococcus luteus 
for A. salmonicida in the incubation mixture (2.5.4). Such a preparation 
resulted in a greater than 98 . 8% reduction in viable count within 3 h. 
3.6.3 Effect of a peroxidase-hydrogen peroxide system 
The susceptibility of A. salmonicida to the peroxidase-hydrogen 
peroxide killing system of phagocytes was investigated using an 
incubation mixture of horseradish peroxidase, hydrogen peroxide and 
chloride ions (2 . 5.5) . Results are shown 1n Fig . 9. 
Incubation in buffe r alone resulted 1n a two and a half-fold 
increase in the viable count of strain 449 and a very slight increase 
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Fig. 7 Susceptibility of A. salmonicida 
449/3 ( o ) to proteolytic enzymes 
strains 449 ( • ) and 
Viable counts are expressed as a percentage of the original inoculum 
(106 c .f.u./ml) i.e. of the corresponding control value. All enzymes 
were used at a concentration of 1 mg/ml. 
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Fig. 8 Susceptibility of A. salmonicida strains 449 ( • ) and 449/3 ( 0 ) 
to 'lysosomal' enzymes and pepsin 
Viable counts are expressed as a percentage of the original inoculum 
(106 c.f.u./ml), i.e. of the corresponding control value. All enzymes 
were used at 1 mg/ml except for cathepsin which was at 0.19 mg/ml. 
Points are the means of 3 determinations. Bar = SE. 
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Fig. 9 Effect of a peroxidase-hydrogen peroxide system on the viability 
of A. salmonicida strains 449 ( e ) and 449/3 ( 0 ). 
Viable counts are expressed as a percentage of the original inoculum 
( 106 c.f.u./ml), i.e. of the corresponding control value. 
Per = horseradish perox idase ( 300 mU), HzOz = 10-4 M hydrogen peroxide, 
Cl-= 0. 1 M NaCl in buffer, buffer= phosphate-sulphate buf f e r. 
Points are the means of 3 determinations. Bar = SE. 
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Fig. 9 continued 
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with strain 449/3 . When chloride ions were incorporated, viability 
remained constant for strain 449 and decreased slightly with strain 449/3. 
When strains were exposed to hydrogen peroxide in the presence or 
absence of chloride ions, a marked decrease in viability of equal 
magnitude for both strains occurred. Mixtures containing peroxidase 
with and without the other components did not result in any noticeable 
decrease in viability, although in some cases a slight increase in 
viable count was apparent. As such 1ncreases were less than two-fold, 
they were no t considered important. 
3.7.0 Quantitative measurement of the cell surface hydrophobicity of 
A. salmonicida 
3.7.1 Hydrophobic interaction chromatography 
The retention of bacteria on derivatised Sepharose was determined 
(2 . 6.1) . On both phenyl- and octyl-Sepharose, strains 449, 450 and 
CM30 were retained to a greater extent than the mutant strains 449/3, 
450/3 and CM30/3 (Table 11). 
The retention of two strains of Escherichia coli with known 
charac teristics (Jann et al., 1981), was determined as a control . Pili 
were evident on strain 681 (Plate Sa) , which was retained . ·Strain 6811 
was not retained to any appreciable extent and was non-piliated (Plate 8b). 
Retention of strain 681 to both co lumns only occurred in ammonium 
sulphate whereas strains 449, 450 and CM30 were retained to an equal 
extent whether suspended in ammonium sulphate or PBS. For all strains 
retention was similar on phenyl- and octyl-Sepharose. 
To eliminate the possible explanation of retention 1n hydrophobic 
columns being a mechanical blocking phenomenon, e . g. aggregates of 
bacteria being unable to pass between the beads, hydrophobic beads were 
equilibrated in PBS and radiolabelled A. salmonicida strain 449 
(suspended in PBS) assayed for retention. After elution, the column was 
expelled sequentially into Unisolve scintillation fluid . Adsorption 
to the beads occurred in the top half to two thirds of the column (Fig. 10). 
A similar distribution was observed using bacteria stained with Congo 
red. 
A further investigation was made to show that retention to 
hydrophobic columns was not due to bacterial aggregation . Sepharose 6B 
was substituted for derivatised Sepharose, as it is of the same bead 
size- 40- 210 ~m diameter (cetyl- and phenyl-Sepharose- 40- 190 ~m) . 
Retention of strain 449 suspended in buffered ammonium sulphate and PBS 
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Table 11. Results of HIC on phenyl- and octyl-Sepharose ~n the presence 
of ammonium sulphate-phosphate buffer and PBS 
Retention (%) 1 
Phenyl-Sepharose Octyl-Sepharose 
AS PBS AS PBS 
Strain Abs Rel Abs Rel Abs Rel Abs Rel 
449 32 84 28 74 36 95 38 lOO 
449/3 2 5 6 16 0 0 5 13 
450 35 92 33 87 34 89 36 95 
450/3 22 58 12 32 17 45 12 32 
CM30 34 89 32 84 34 89 32 84 
CM30/3 24 63 4 11 24 63 4 11 
681 52 ND 5 ND 68 ND 0 ND 
6811 0 ND ND ND 14 ND ND ND 
1As - ammonium sulphate ; PBS - phosphate- buffered saline; 
Abs - values relative to the suspension added ; Rel - values for 
Aerornornas strains relative to those obtained with strain 449 on 
an octyl- Sepharose column with PBS; ND - not determined. 
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Plate 8. Transmission electron micrographs of gold-shadowed E. coli 
a) Strain 681 showing pili (arrowed). 
X 21,000 
Bar 1 urn 
b) Strain 6811. Note complete absence of pili. 
X 56,700 
Bar = 1 urn 
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a 
Fig. 10. Distribution of A. salmonicida strain 449 in HIC columns 
comprised of a mixture of phenyl- and octyl-Sepharose 
14 8 C-labelled bacteria, suspended in PBS (8 x 10 c . f.u . ), 
were applied to columns equilibrated with PBS. After column 
elution and expulsion into scintillation fluid the proportion 
of bacteria in specific sections of the columns was 
calculated as a percentage of the total bacteria bound. 
45% 45% 
28% 32% 
11% 14% 
16% 9% 
A 8 
Values counts per minute in co lumn section X total counts per minute bound in column 
A inoculum incubated on column for 10 min prior to 
column elution. 
B inoculum e luted through column immediately. 
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lOO 
was 16% and 21% respectively, i.e. less than with hydrophobic beads. 
Experiments were conducted to see if bound A. salmonicida could 
be eluted from the column under conditions that are known to reduce 
hydrophobic binding interactions. Strain CM30 was retained on a 
phenyl-Sepharose column in PBS and the column washed through with 5 ml 
5% v/v Triton X{OO . This procedure did not elute the bound bacteria 
when used on its own or after prior elution with 5 ml PBS. 
3.7.2 Phase partitioning 
Suspensions of A. salmonicida ~n PBS were mixed with hydrocarbons 
~n order to determine the hydrophobic affinity of bacteria. Following 
phase separation the absorbance of the aqueous layer was calculated as 
a percentage of that of the original suspension (2.6.2). A decrease in 
absorbance of the aqueous phase was a measure of cell surface 
hydrophobicity. 
Three different hydrocarbon phases were tested. In all systems 
strains 449, 450, 451 and CM30 showed a marked decrease in percentage 
absorbance compared with mutant strains 449/3, 450/3, 451/3 and CM30/3, 
respectively (Figs. 11 & 12). 
Problems were often encountered with xylene as the hydrocarbon 
phase as it did not separate completely but remained in small bubbles 
throughout the mixture. Differences between strains using the 
hexadecane/PBS system were not always pronounced . Therefore, after 
initial tests with strains 449, 449/3, 450 and 450/3, octane was used 
for further studies. 
3.7. 3 Salting out 
In order to determine the hydrophobicity of var~ous strains of 
A. salmonicida, the concentration of ammonium sulphate required to induce 
bacterial agglutination was determined (2 . 6.3). The greater the 
hydrophobicity of the cell surface, the lower is the salt concentration 
required to cause agglutination . 
A. salmonicida strains 449, 450, 451 and CM30 were agglutinated by 
much lower concentrations of ammonium sulphate than strains 449/3, 450/3 
and CM30/3 (Table 12). No strains agglutinated in the absence of this 
salt and all were agglutinated by the 4 M solution, thus validating the 
controls . 
Strains 449/3/R and 450/3/R were agglutinated by salt concentrations 
intermediate in values between the above pairs and 451/3/R required the 
highest salt concentration to agglutinate. 
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Fig. 11. Phase partitioning of PBS suspensions of A. salmonicida 
strains using hexadecane and xylene. 
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The absorbance of the aqueous phase after separation was 
measured at 590 nm and is expressed as a percentage of 
the untreated control value. 
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Fi g . 12. Phase partit i oning of PBS suspensions of A. sa l moni cida 
using octane 
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The absorbance of the aqueous phase after separation was 
measured at 590 nm and is expressed as a percentage of 
the untreated control value . 
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Table 12. Determination of cell surface hydrophobicity of A. salmonicida 
by 'sal ting out' with ammonium sulphate 
Strain Lowest molarity of (NH4 ) 2so4 
causing agglutination 
449 0 .02 
449/3 3.2 
450 0.04 
450/3 3. 4 
451 0 . 04 
CM30 0 . 02 
CM30/3 3.4 
449/3/R 0 . 2 
450/3/R 2 . 8 
451/3/R 3.6 
Table 13. Contact angles of saline drops on lawn preparations of 
A. salmonicida strains 
Strain No . of Mean contact SE 1 2 p 
measurements angle ( 0 ) 
449 21 8 . 3 0 . 6 <0 . 05 
449/3 21 6.7 0.7 
CM30 30 8 . 7 0 . 6 
CM30/3 22 7 . 1 0.8 <0.05 
l Standard error 
2 Wilcoxon ' s sum of ranks test (Langley, 1970) 
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3.7.4 Contact angles 
As a measure of cell surface hydrophobicity, the contact angles 
made by drops of saline with lawns of A. salmonicida were determined 
(2.6.4). The angle made by the tangent to the drop with the solid 
surface was a measure of hydrophobicity, a high angle signifying 
greater surface hydrophobicity than a low angle. 
The contact angles, obtained from two pairs of strains of 
A. salmonicida, are shown in Table 13. The mean contact angles of strains 
449 and CM30 were greater than those for strains 449/3 and CM30/3 
respectively. Values ofg indicated that differences were probably 
significant. 
3.7.5 Effect of culture age on hydrophobicity 
Cultures of strains CM30 and CM30/3 at different stages in the 
growth cycle were submitted to octane/PBS phase partitioning (2 . 6.2) . 
No variation in cell surface hydrophobicity between samples was apparent 
(Table 14). This result was confirmed by the observation that the 
A-layer was present in ultrathin sections of A. salmonicida throughout 
the cell cycle and followed the cell wall contours during cell division. 
3.7.6 Effect of ionic environment on hydrophobicity 
In one experiment the bacteria were washed, suspended ~n 
distilled water and phase partitioned using 0.2 ml octane (2 . 6 . 2). The 
percentage absorbance of the r esulting aqueous phase was 97% for s~in 
CM30 and 93% for strain CM30/3, compared with 57% for strain CM30 and 
92% for strain CM30/3 in PBS. 
3.7.7 Effects of subculture and incubation tempe rature on hydrophobicity 
The effect of subculturing of A. salmonicida strains 449, 450, 451, 
CM30 and BRl at 20~C, 25°C and 30°C on cell surface hydrophobicity was 
measured by octane/PBS phase partitioning (2 .6.2, 0.2 ml octane). 
The onset of culture turbidi ty was also noted (2 . 6.5). 
The hydrophobicity of all the strains was seen to progressively 
decrease with subculture at all temperatures, as indicated by more 
bacteria remaining in the aqueous phase of the system (Fig. 13). 
All 30°C cultures were evenly turbid. Cultures grown at 20°C 
became evenly turbid by the second (strains 449 , 450, CM30 and BRl) 
or third subculture (451) and cultures grown at 25°C , at the original 
culture (strain 449), first subculture (strain CM30), or second 
subculture (strains 450, 451 and BRl) . 
Culture of BRl at 30°C was not possible further than one 
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Table 14. Effect of culture age on cell surface hydrophobicity of 
A. salmonicida strains CM30 and CM30/3 as measured by 
phase partitioning 
Culture phase and age (h) 
Lag/log (3) 
Log (4 .5) 
Log/stationary (18) 
Stationary (29) 
1 % Absorbance 
Strain 
CM30 CM30/3 
53 91 
ss 92 
57 92 
58 lOO 
1 The absorbance of the aqueous phase ( PBS) after 
separation with 0 . 2 ml octane was measured at 
590 nm and is expressed as a percentage of the 
untreated control value. 
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Fig. 13. Effects of subculture and incubation temperature on the 
hydrophobicity of A. salmonicida strains measured by phase 
partitioning. 
See 3. 7. 7 for explanation. 
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subculture although further incubation of this culture at 20°C resulted 
in heavy growth. 
3.7.8 Effect of medium volume and composition on hydrophobicity 
Strains of A. salmonicida were grown in 100 ml and 10 ml of various 
media and the hydrophobicity of cultures measured by partitioning in an 
octane/PES system (2.6.2, 0.2 ml octane). 
Results (Fig. 14) indicate that bacterial surface hydrophobicity 
did not appear to be dependent on the volume of media. Comparison of 
unshaken and shaken TSB cultures showed no significant differences. 
Medium composition was, however, a determinative factor on 
hydrophobicity. Furunculosis broth and casein yeast beef broth 
produced the most hydrophobic bacteria, with brain heart infusion 
broth, nutrient broth 2 and Todd Hewitt broth cultures yielding 
relatively hydrophobic bacteria. Comparison of these cultures with 
unshaken TSB grown bacteria resulted in p < 0.05, indicating that 
differences were significant . 
Furunculosis broth and casein-yeast-beef broth cultures settled 
out to a greater extent than other cultures, indicating increased cell 
surface hydrophobicity. 
3.8.0 Discussion 
This comparativ~ study of some biochemical and physiological 
properties of A. salmonicida has revealed some important similarities 
and dif fe rences between strains. 
The results of electron microscope studies of the ultrastructure 
of strains, isola ted in this laboratory from diseased fish (strains Q130 
and BRl), showed an additional surface layer which was morphologically 
identical to the A- layer obse rved by previous workers (Ishigur o ~ ~·· 
1981; Kay ~ ~·· 1981; Trust~~., 1980; Udey & Fryer, 1978) . This 
layer also showed the typical tetragonal subunit pattern . Studies by 
Evenberg ~ ~· ( 1982) using a freeze etch technique have shown this 
pattern to be surface located with a subunit centre-to-centre distance 
of 10 nm. Other workers noted that it was not a unit membrane but was 
10 nm thick and separated from the outer membrane by 10 - 40 nm 
(Hamilton~ ~·· 1981). 
Investigations of the ce ll envelope s of A. salmonicida strains by 
SDS-PAGE showed some strains to possess a protein of 51 kdal as the 
major component. Comparison with strains from various geographical 
locations identified this as the A-protein, all isolate preparations 
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Fig. 14. Effect of medium vo lume and composit ion on the hydrophobicity of A. salmonicida strains CM30 and 449. 
Bacteria were cultured under various conditions prior to the assessment of hydrophobicity of PBS suspensions 
by phase partitioning using 0.2 ml octane ( 2.6 . 2). The absorbance of the aqueous phase after separation was 
measured at 590 nm and is expressed as a percentage of the untreated control value. 
Values are the mean of 3 determinations. Bar SE . 
• CM30, lOO ml; 0 CM30, 10 ml; E£8 449, 10 ml. 
TSB TSB 
Unshaken Shaken 
P.W P .W+ 
Y .E 
T . H NB N82 NB2+ 
BSA 
NB2+ 
Y.E 
BHI FB CYBB 
TSB = tryptone soy broth; P.W buffered peptone water; Y.E =yeast extract; T.H = Todd Hewitt broth ; NB= nutrient broth; 
NB2 = nutrient broth number 2 ; BSA = bovine serum albumin; BHI = brain heart infusion broth; FB = furunculosis broth; 
CYBB = casein-yea$t-beef broth . 
showing a component of identical molecular weight. Other workers have 
described this protein as having a molecular weight of 49 kdal (Ishiguro 
~ ~·· 1981; Kay et al., 1981), 50 kdal (Trust~ al., 1980c) and 54 kdal 
(Evenberg & Lugtenberg, 1982) and have shown that A-proteins from different 
strains are immunologically related (Evenberg ~al., 1982). Because 
sodium lauryl sulphate was inadvertently used in place of sodium lauryl 
sarcosinate (Filip ~ ~·· 1973), most outer membrane proteins were 
solubilized. For this reason the number of protein bands observed was 
substantially less than that previously described (Ishiguro ~ ~·· 1981). 
However, the A-protein was apparently unaffected by such treatment. 
Strains used in this project were therefore termed A+ (possessing 
the A-protein) or A- (devoid of this determinant), enabling differences 
~n characteristics to be directly related to this determinant. 
Biochemical tests had positively identified all the strains 
examined as A. salmonicida ( Buchanan & Gibbons, 1975; McCarthy, 1975). 
Pigment production enabled further classification as subspecies 
salmonicida as opposed to the achromogenic or late pigment-producing 
atypical strains of this organism isolated from non-salmonid species 
(1.1 .1 ). The function of this melanin pigment is not known, but it may 
have a role in toxin neutralization or trapping harmful free radicals 
(Edelstein, 1971). Lack of A-protein did not appear to influence any 
of the biochemical properties investigated. Throughout the literature 
no loss of virulence has been reported to be accompanied by any change 
~n biochemical test reactions. 
The function of outer membrane vesicles, which were seen in thin 
. + sect~ons of both A and A strains, is not known. Such blebs and vesicles 
with a trilaminar membrane have been reported on an atypical strain of 
A. salmonicida which had been cultured to induce loss of A-layer and 
appear ed to be due to the production of excess outer membrane 
(Hamilton~~·· 1981). Hahnel et al . (1983) also reported blebs on 
A strains. In addition, vesicles were seen floating free in the culture 
medium in this study. Similar structures have been observed on the 
surface of other bacteria. An excretory mechanism relating to toxin 
transport has been suggested for the pinched-off cell wall material of 
Vibrio cholerae (Chatterjee & Das, 1967). Lipopolysaccharide (endotoxin) 
release as cell wall blebs during the in vitro growth of Neisseria 
meningitidis has been described (Devoe & Gilchrist, 1973), although it 
is not known if such structures are produced ~ ~· A rol e for outer 
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membrane vesicles in the intracellular survival of Neisseria gonorrhoeae 
has been suggested by Parsons et al. (1981) who found that antisera 
raised to such structures caused a reduction in survival within 
polymorphonuclear phagocytes. In this study A-protein was not seen to 
be associated with membrane vesicles, consistent with the report that 
it cannot be detected in culture supernatants ( Ishiguro & Trust, 1981). 
Culture characteristics showed distinct differences between A+ and 
A strains. The former grew as 'ice-hockey-puck' colonies (Hamilton et 
~., 1981), producing settled growth in broth culture and autoagglutinated 
in PBS. A colonies were mucoid, non-agglutinable in PBS and grew \nth 
even turbidity in broth culture. The intensity of autoagglutination was 
found to be dependent on bacterial concentration and the ionic strength 
of the environment. Reasons for this are discussed later in this section. 
Since the recognition of the A-layer by Udey & Fryer (1978), these 
characteristics have consistently been ascribed to A+ and A- strains by 
various workers (Ishiguro ~ ~·· 1981 ; McCarthy ~al., 1983). Prior to 
1978 it was often noted that virulent or recently isolated strains of 
A. salmonicida grew as friable colonies which produced floccules in liquid 
culture and autoagglutinated in saline (Bootsma ~ ~., 1977; Griffin~ 
~., 1953; McCraw, 1952; Smith, 1963; Williamson, 1928). Autoagglutination 
has also been associated with virulence of Yersinia enterocolitica 
(Lachica ~ ~., 1984) and Neisseria gonorrhoeae (Perera ~al ., 1982) 
and with the hydrophobicity of Staphylococcus aureus (Ljungh et al., 1985). 
The temperature-related growth kinetics of A. salmonicida were 
studied in relation to the A-layer. Growth of A+ strains in shaken 
cultures at 30°C produced biphasic growth curves . Assessment of the 
presence of the A-layer by autoagglutination indicated that faster growing 
A mutants were selected during the second growth phase, with a transition 
period between 20 h and 26 h. These observations agreed with a study 1n 
which the presence of the A-layer was assessed by determination of 
bacteriophage resistance (Ishiguro & Trust, 1981; Ishiguro ~ ~., 1981). 
This demonstrates that the growth kinetics of strains from different 
laboratories show similar trends. Although A bacteria were isolated 
from unshaken 30°C cultures, the biphasic curve was only produced when 
the culture was shaken, suggesting that oxygen tension affects the 
kinetics of growth in broth culture. An A strain, derived from the A+ 
strain CM30 isolated in this laboratory, was obtained by serial subculture 
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at 30°C. This strain appeared to be stable with regard to its lack 
of A-layer. Trust~~- (1982) and Ishiguro et al. (1981) found 
that virulent cells could not be reselected from avirulent derivatives, 
even after serial passage through fish. 
The growth kinetics of A. salmonicida have been shown to be 
influenced by the presence or absence of the A-layer by Ishiguro & 
Trust (1981) and Ishiguro ~~- (1981). These workers found that 
when inoculated into shaking broth at 30°C, A+ strains showed 
biphasic growth, with culture at this higher than optimal temperature 
resulting in the selection of A- derivatives. Using phage 37, to 
which A+ strains were resistant and A- strains sensitive, these 
workers found more than 95% of the original inoculum to be resistant, 
whereas after 54 h incubation more than 95% of the cells were 
phage 37-sensitive, this transition occurring between 24 h and 54 h 
(the second growth phase). 0 These results showed that growth at 30 C 
resulted in the selection of spontaneous A- mutants with a higher 
optimum growth temperature than the A+ parents. 
Selection of these avirulent cells was also found to be 
dependent on the size of the inoculum. With one strain (450) growth 
occurred when the inoculum was 5 x 106 - 8 x 107 cells/ml but no t 
with an inoculum of less than 105 cells/ml (Ishiguro et~-, 1981). 
The biphasic curve was produced when the inoculum was at the former 
density, but the first phase was absent with an inoculum of 6. 5 x 
105 cells/ml. This failure to observe the first growth phase may 
have been due to the number of bacteria being too low to produce 
a measurable absorbance. 
Production of A- derivatives would therefore appear to be 
selection from the original population rather than a temperature-
induced change in the whole population. The genetic determinants 
of the A-layer are not understood. Preliminary analysis of A. salmonicida 
has shown the plasmid composition of virulent (A+) and avirulent (A-) 
strains to be identical (Ishiguro et al., 1981). With another fish 
pathogen, Vibrio anguillarum, growth at high temperature resulted 1n 
the curing of a plasmid, accompanied by the simultaneous loss of 
virulence (Crosa ~~., 1980). 
The doubling time of a bacterium may be an aspect of its pathogenic 
po tential. . + Paradox1cally A cultures tended to have a sli~htly longer 
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doubling time than their A derivatives. This has also been shown by 
Titball (1983). One worker (Bucke, 1979) isolated a particularly 
fastidious strain which produced a recognisable colony only after 14 days 
incubation. 
A study of the pH growth range and proteolytic enzyme sensitivity 
of a pathogen may indicate whether survival in the host gut is potentially 
possible, and thus be indicative of a route of infection. Bacteria that 
are normal human intestinal inhabitants (e . g. Streptococcus faecalis, 
E. col i, Proteus and Pseudomonas) or infect by this route (e.g. Salmonella 
and Shigella) are resistant to the acidic conditions, proteolytic enzymes 
and bile present in such an environment (Mims, 1977). These hostile 
conditions are essentially similar in fish (Ellis, 1981) . The 
intestinal microflora of healthy salmonids contains Aeromonas species, 
Enterobacteriaceae and Acinetobacter when in fresh water and mainly 
vibrios when in the marine environment (Yoshimizu & Kimura, 1976; 
Trust & Sparrow, 1974). The extent to which gut colonization takes place 
is illustrated by the finding that 104 - 108 viable organisms per gram 
weight of intestine plus contents have been found in salmonids (Yoshimizu 
~al., 1976; Trust & Sparrow, 1974). In a study of digestive tract 
bacteria from marine fish, Sera ~ ~· (1972) found that indigenous 
bacteria retained their viability at pH 4 and were not affected by gastric 
juice. 
In the present study A+ and A strains of A. salmonicida grew to 
equal extents within the pH range 5.5 - 9. 4, with an optimum of pH 6.0. 
Other workers also noted this pH optimum (Griffin~~., 1953). 
A. salmonicida was resistant to the action of various proteolytic 
enzymes except the non-specific protease. The A-layer did not appear to 
confer any added protection. In a recent conference report Kay ~ ~· 
(1984) stated that protection against several proteolytic enzymes was 
conferred by the A-layer. However, the experimental conditions were not 
stated, making a comparison with this study difficult. These results 
suggested that infection via the gut was possible . Further evidence 
from this study, that A. salmonicida has the pote ntial for gut survival, 
was provided by the ability of A+ and A strains to grow in MacConkey 
broth and in the presence of trout bile . 
During the process of infection various non-specific and specifi c 
host defence mechanisms may confront invading A. salmonicida. Included 
in these is the action of lysozyme, found in mammalian polymorphonuclea r 
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leucocytes (PMNs) (Hirsch, 1972) and tears (Roitt, 1977 ) and present in 
the skin, mucus, serum, plasma, lymph, peritoneal macrophages, neutrophils, 
gill cartilage and epithelium, kidney, spleen and stomach cells of fish 
(Ellis, 1981; Fletcher & White, 1973; Murray & Fletcher , 1976) . 
A. salmonicida was found to be insensitive to lysozyme , a result not 
unexpected since it is a Gram-negati ve bacterium with lipopolysaccharide 
~n the outer cell wall to protect the target peptidoglycan. 
Upon phagocytosis an invading microbe is exposed to many 
antimicrobial factors in the phagolysosome. In mammalian PMNs these 
are essentially of two types, the oxygen-independent - low pH, lactic 
acid, cationic proteins, lysozyme, lactoferrin, acid hydrolases and 
alkaline phosphatase, and the oxygen-dependent - hydrogen peroxide and 
a peroxidase-peroxide mediated halogenation system (Hirsch, 1972; 
Mims, 1977) . Mononuclear phag9cytes, particularly macrophages, do not 
contain the same oxygen-dependent system and often lack lysozyme and 
lactoferrin. Macrophages have a longer life span than PMNs and tend to 
be involved in more 'long term' degradation of bacteria, due to their 
inherent synthetic ability (Mims, 1977) . The leucocyte system in fish 
has been described, although it is not as well understood as its 
mammalian counterpart (Ellis, 1977) . However, fish thrombocytes contain 
acid phosphatase; neutrophils, eosinophils and monocytes contain 
peroxidase (Cannon~~·· 1980; Ellis, 1977; Parish, 1981); and 
granulocytes contain peroxidase and acid phosphatase (Parish , 1981). 
In this study, neither A+ nor A strains of A. salmonicida were 
susceptible to the action of acid phosphatase and the small decrease ~n 
viability of both strains when exposed to alkaline phosphatase was 
probably due more to the unfavourable conditions of alkaline pH than 
to enzymic action. Although sensitive to cathepsin, the possession of 
the A-layer did not appear to be advantageous to the bacte rium . Further 
insights into the interaction between fish leucocyte degradative 
processes and A. salmonicida could be ga ined by investigating the effect 
of host leucocyte hydrolases on bacte rial viability. Such methods may 
reveal synergistic enzyme interactions, as found between mammalian . 
l e ucocyte extracts and Staphylococcus and Streptococcus ( Lahav ~~·· 
1974; Neeman ~al., 1974) . 
In mammalian PMNs the myeloperoxidase-hydrogen peroxide-halide 
system forms a highly potent killing mechanism effective against bacteria, 
fungi , viruses and mycoplasm.!5 (Klebanoff, 1975) . Hydrogen peroxide, 
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formed by the action of cellular superoxide dismutase on the hexose 
monophosphate shunt derived superoxide ions (Mims, 1977), is required by 
myeloperoxidase to kill bacteria (Spitznagel, 1979). Interaction with a 
halide ion, commonly Cl-, results in hypochlorous acid which can 
inactivate sulphydryl groups and deaminate or decarboxylate amino acids 
to produce aldehydes as part of the toxic reaction (Spitsnagel, 1979). 
The products of oxygen reduction, superoxide anion o2 , free hydroxyl 
radical (oH· ) and singlet oxygen ( 1o2) also form part of the microbicidal 
system. There is considerable variation in the quantity of superoxide 
produced by different leucocyte species and monocytes release less than 
neutrophils (Drath & Karnovsky, 1975). The distribution of peroxidase 
within fish leucocytes has been outlined previously. Also, in the 
melanomacrophage centres, unique to fish, melanin can oxidise NADH to 
produce hydrogen peroxide (Ellis, 1977). In addition the present study 
showed trout monocytes to possess a hydrogen peroxide system, as 
demonstrated by chemiluminescence (Chapter 5). 
Postulated bacterial countermeasures include the production of 
catalase to inactivate hydrogen peroxide. High catalase-producing 
staphylococcal strains and Listeria monocytogenes survive better in 
neutrophils than low catalase producers (Mims, 1977) . Production of 
superoxide dismutase (SOD) has also been suggested as a mechanism of 
o2 tolerance, although there would appear to be no correlation between 
intracellular survival and SOD production (Mims, 1977). 
In the present study a peroxidase-H2o2-Cl system was modelled on 
an antimicrobial protoco l found to be toxic for Mycobacterium leprae 
(Klebanoff & Shepard, 1984). Both A+ and A strains of A. salmonicida 
were found to be equally sensitive to hydrogen peroxide, although 
biochemical tests showed that A. salmonicida produced catalase . When 
+ incubated with the complete system,no decrease in the viability of A or 
A strains occurred, indicating that the various oxygen species had no 
toxic effect, perhaps due to the production of SOD by the bacteria. 
However , the observation that incubation with hydrogen peroxide alone 
resulted in a significant decrease in bacterial vaibility suggested that 
either the degree of catalase production was not sufficient to neutralise 
the hydrogen peroxide or that the peroxidase used was not effective in 
producing toxic molecular species . 
The four methods used to quantify bacterial cell surface 
+ hydrophobicity clearly showed that A strains of A. salmonicida had a 
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more hydrophobic outer cell surface than A strains, while mutants devoid 
of both A-protein and lipopolysaccharide components showed low or 
intermediate hydrophobicity. Of the techniques investigated, phase 
partitioning using an octane/PBS system proved the most convenient for 
routine use. The A-protein has been characterised and found to contain 
a high percentage (45- 53%) of hydrophobic amino acids (Kay ~~·· 1981; 
Trust~ al . , 1982), and to be rich in aspartic acid, alanine, glycine and 
leucine . In one study the protein was repor t ed to be insoluble in water 
and the terminal amino acid sequence was found to be Asp-Val-Leu-Leu; 
and to lack sugar residues or sulphur containing amino acids (Evenberg & 
Lugtenberg, 1982) . Comparison of the amino acid composition of A-protein 
with components of E. colj reveals similarity with K88 antigen, the 
fimbriae of enterotoxigenic strains and the outer membrane pore protein 
of strain Kl2 (Evenberg & Lugtenberg, 1982). Comparison with some other 
equal-sized or larger molecular weight proteins has shown A-protein to be 
more hydrophobic than the surface proteins of Acinetobacter sp., 
Spirillum serpens and Campylobacter fetus (Kay ~al., 1981; Sleyt & 
Messner, 1983). 
Such increased hydrophobicity conferred by the A-layer on virulent 
strains explains their autoagglutination in liquid culture and saline and 
their growth as "ice-hockey-puck" colonies on solid media . The 
autoagglutination of Staphylococcus aureus has also been attributed to 
high surface hydrophobicity (Ljungh ~al., 1985). 
Hydrophobic interactions may be important ~n the adhesion of 
bacteria to host epithelial cells (Arbuthnott & Smyth, 1979; Jann ~ 
~., 1981; Jones, 1977) and phagocytes (Van Oss, 1978). Cell wall 
structures; including the hydrophobic surface protein of C. fetus 
(Kay et al., 1981)
7 
are known to be involved in various types of interference 
with phagocytic activities (Beachey & Ofek, 1976; Mims, 1977; Draper, 
1981; Quie ~al., 1981). The involvement of hydrophobicity in adhesive 
mechanisms is therefore a current area of study. 
The initial barrier to association between a bacterium and host 
cells is the short distance electrostatic repulsive forces due to their 
like negative charges (Arbuthnott & Smyth, 1979). The mechanism by which 
hydrophobic bonding can overcome these is explained, in part, by van der 
Waals forces and the DLVO theory (Jones, 1977). The net interaction 
between the cell and a solid surface, or another cell, is dependent on 
the distance between the two (Tadros, 1980; Jones, 1977; Wardell ~ ~·· 
1983), surface -surface interaction occurring at primary and secondary 
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minima energy levels. The short range attractive forces involved include 
hydrogen bonds, dipole interactions and hydrophobic bonding (Tadros, 1980). 
Hydrophobic bonds result in the displacement of water from between the 
interacting surfaces, with a consequent energy minimum, which results in 
attraction. It was found that, for A+ A. salmonicida, an ionic environment 
was required for hydrophobic interactions and consequent agglutination 
to occur. This can be explained by the theory that at low electrolyte 
concentrations there is a large potential energy barrier to overcome 
before the primary minimum is reached, whereas at high electrolyte 
concentrations the reduction of the energy barrier enables the bacterium 
to approach close to the surface. 
In addition to hydrophobic forces being the principal adherence 
mechanism, they may also have a role in stabilising receptor-ligand 
complexes (Doyle ~ ~., 1982) . Care should be taken when interpreting 
the results obtained by different methods of assessing hydrophobicity 
since contact angle and phase partitioning systems measure the average 
surface hydrophobicity, whereas hydrophobic interaction chromatography 
probes the surface affinity for hydrophobic molecules (Magnusson, 1980). 
Since the hydrophobic A-layer appears to cover the entire surface of 
A. salmonicida, the gross hydrophobic effect is probably the more relevant 
~n this case . 
The hydrophobicity of A+ A. salmonicida did not depend on the age 
of the culture but was markedly affected by the culture medium. Most 
workers use TSB or TSA as the incubation medium, although some 
investigators have used brain heart infusion broth (Hahnel ~ ~. , 1983; 
Krantz ~ ~., 1963), casein-yeast-beef broth (McCarthy ~~· , 1983), 
casamino acids - tryptone broth (Sakai, 1984b) and peptone-beef-extract-
glycogen agar (McCoy & Pilcher, 1974). Results from different studies 
must, therefore, be interpreted with caution. There is a need for all 
workers in this field to standardize the growth medium used to culture 
A. salmonicida, to ensure that the A-protein produced is qualitatively 
and quantitatively similar. 
+ . 0 0 0 Repeated subculture of A stra~ns at 20 C, 25 C and 30 C resulted 
~n the progressive decrease in hydrophobicity of cultures with a 
concomitant change from A+ to A culture characteristics. A similar 
decrease in surface hydrophobicity of Streptococcus mutans during 
subculture has been described (Olsson & Westergren, 1972). Repeated 
growth of an autoagglutinating strain of A. salrnonicida in TSB has been 
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reported to result in loss of autoagglutinability, i.e. loss of A-layer 
(McCarthy ~al., 1983), and serial passage in brain heart infusion broth 
was used by Hahnel ~ al. (1983) to render virulent isolates avirulent. 
Medium composition has been proposed as a selective force in deriving 
avirulent strains (Trust~~., 1982). Subculture on TSA containing 
0.25% lithium chloride for five passages resulted in strains of 
A. salmonicida with no A-layer visible by electron microscopy 
(Hamilton~ al., 1981) and forty passages of an A+ strain through 
tryptose/glucose/salt broth resulted in strains which exhibited virtually 
no autoagglutination with very little A-protein being detected 
(Evenberg ~al., 1982). The apparent inability to maintain stable A+ 
(virulent) cultures could be explained by the faster growth rate of A -
strains in vitro, which may allow the latter to overgrow cultures. Loss 
of virulence determinants during in vitro sub-culture is well recognised 
(Smith, 1972), especially with Neisseria gonorrhoeae(Rittenberg ~al., 
1977) . Costerton et al. (1981) have described the loss of the bacterial 
"glycocalyx" during in vitro culture and highlight the necessity for the 
surface components of wild cells to be maintained in the laboratory if 
application to the ~n v~vo situation is to be relevant. 
The investigation of the antibiotic resistance profiles of 
A. salmonicida strains isolated from different geographical locations 
showed similar sensitivity patterns for some compounds and differences for 
others. The A-layer was not a determining factor. Such drug resistance 
probably resided on plasmids, up to six of which have been detected in 
A. salmonicida (Ishiguro ~ ~·, 1981) .. R factors have been described 
for A. salmonicida, conferring resistance to chloramphenicol, tetracycline, 
sulphonamides and streptomycin . Such R factors-could be transferred to 
bacteria of the same genus and to E. coli ( Aoki ~ ~·, 1971; Aoki ~ ~·, 
1972; Popoff & Davaine, 1971). The susceptibility of bacteria to 
antibiotics known to act as hydrophobic and hydrophilic molecules has 
enabled the outer membranes of wild type and deep rough mutants of 
Salmonella typhimurium (Nikaido, 1976), and Paracoccus dentrificans 
(Wilkinson, 1977) to be characterized. Measurement of the minimum 
inhibitory concentrations of various antibiotic 'membrane probes ' showed 
no distinct difference between A+ and A strains of A. salmonicida, 
indicating that in all strains the antibiotics had equal access to their 
targets. 
Additional layers, external to the bacterial cell wall, occur on 
many Gram-positive and Gram-negative bacte ria. These 'paracrystalline, 
lOO 
subunit-type surface layers' have been termed S-layers (Sleytr & 
Messner, 1983). In addition to acting as physical barriers, such 
structures can have various functions including: protection from host 
immune responses, as receptors for bacteriophage, involvement in cell 
adhesion, ion exchange, buffering and as a barrier to antibiotics 
(Costerton, 1977; Sleytr & Messner, 1983). An additional surface layer 
of unknown function has been found on Salmonella abortus ovis and termed 
the A-layer (Dubray & Bezard, 1980) and one may be associated wi th the 
virulence of Bacteroides nodosus (Every & Skerman, 1983). A regular 
surface layer also occurs on Lactobacillus buchneri (Kuniyoshi & 
Kawanata, 1981). Of particular interest is the additional layer on 
Campylobacter species, which appears to be an antiphagocytic factor 
(McCoy ~al., 1976; Winter~~., 1978). 
In summary, the results presented enabled two overall conclusions 
to be drawn. Firstly, the A-layer affected the culture kinetics and 
characteristics of A. salmonicida 7but did not appear to have a major 
protective function against enzymic attack . Secondly, it conferred 
increased hydrophobicity on virulent strains. The latter property's 
well-documented involvement in adhesive processes and interactions with 
phagocytes prompted further investigations into the association of A+ 
and A strains of A. salmonicida with various cell types . 
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CHAPTER 4. ADHESION OF A. SALMONICIDA TO CELLS IN VITRO 
4.1.0 Introduction 
Attachment and primary lodgement mechanisms are essential 
prerequisites to microbial infection (Smith, 1978). This phase of 
colonization involves both the pathogen and the host, the former 
possessing adhesive determinants and the latter expressing relevant 
receptors on epithelial surfaces (Mims, 1977). 
The finding that A+ strains of A. salmonicida were more hydrophobic 
than isogenic A derivatives (Chapter 3) suggested that the A-protein 
could be involved in adhesion. Bacterial adhesive mechanisms include 
specific appendages, cell membrane components and surface layers 
(Buchanan & Pearce, 1979; Jones, 1977; Pearce & Buchanan, 1980). 
Interactions may involve specific receptors or be generally hydrophobic 
~n nature . 
Methods for investigating the influence of hydrophobicity on 
bacterium/host interactions include attachment to tissue culture cell 
lines in vitro and haemagglutination. + Therefore A and A strains of 
A. salmonicida were assessed for their ability to adhere to a variety 
of cells and haemagglutination patterns determined in order to understand 
the mechanisms of attachment to host epithelial cells . 
4 . 2.0 Results 
4 . 2.1 Radiolabelling protocols 
A number of different radioactive labels and incubation conditions 
were assessed in order to obtain a reproducible method of radiolabelling 
A. salmonicida that resulted in a high specific activity and efficient 
uptake of radiolabel (2 . 2 . 7). Table 15 shows the results of radiolabelling 
with a variety of substances. 
With a level of 0.25 uCi /ml 14c - labelled protein hydrolysate 
incorporated in Shieh & Reddy or O' Leary defined media, the spec ific 
activity of both strains was approximately 2 x 10-4 c .p. m./c . f.u . 
compared with 6 x 10-4 c .p.m. /c.f .u. obtained by incubation with the same 
level of r14CJlysine in Shieh & Reddy medium . Cultures required 48 - 72 h 
to reach a usable cell density of at l east 108 c.f.u ./ml. Incubation ~n 
TSB with the same level of radioactive label resulted in a tenfold 
reduction in specific activity . 
Strain 449/3 was grown in TSB to approximately 108 c .f.u. /ml 
prior to short incubation with radiolabel in PBS (2.2.7) . When 
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Table 15 . Effect of medium, time and source of isotope on the radiolabelling of A. salmonicida strains 449 and 449/3 
Level and state Incubation Time of Viable Specific Viable Specific 
of radiolabel medium incubation count activity count activity 
(h) (c.f.u .) (c .p. m. /c .f.u.) (c .f.u. ) (c. p . m. I c. f. u. ) 
Strain 449 Strain 449/3 
0 . 25 1JCi/mlf14cJ Shieh & 72 2.1 X 108 6.6 X l0-4 3 . 4 X 108 5.7 X 10-4 
lysine Reddy 
0 . 25 IJCi/ml TSB 48 8.8 X 108 1.9x 10-5 9.0 X 108 2.3 X 10-5 14c-labelled Shieh & 48 9.2 X 108 1.8x 10-4 4.4 X 108 ).0 X 10-4 
protein Reddy 
108 10-4 108 10-4 hydrolysate O' Leary 48 6 .1 X 2. 8 X 9. 0 X 1. 7 X 
0.25 \,JCi/ml TSB 72 9. 7 8 2.6 X 10-5 7.9 X 108 2.8 X lo-5 X 108 
t-' 14c-1abelled Shieh & 72 6. 7 X 10 2. 3 X 10-
4 5.4 X 108 1.9x 10-4 
0 protein Reddy w 
108 10-4 108 10-4 hydrolysate O' Leary 72 9.2 X 2. 2 X 6 .5 X 2.0 X 
0. 5 IJCi/ml 0.1% glucose 0 . 5 ND ND 6.0 X 108 4.8 X 10-4 14c-labelled 1% glucose ~n 0.5 ND NO 4 .8 X 108 6 . 5 X 10-4 
protein PBS 1 ND ND 5 . 8 X 108 5. 6 X 10-4 9 10-4 hydrolysate 2 NO NO 1.2 X 109 2. 6 X 3 NO NO 1. 2 X 109 2.9 X 10-
4 
4 NO NO l.O x 109 3.5 X 10-4 
2% glucose 3 NO NO 1.4x 109 2. 6 X 10-4 
3% glucose ~n 3 ND NO 2.1 X 10 2.0 X 10-4 
PBS 
0. 25 \.lCi/ml [ 14 C) PBS 0. 5 NO NO 3. 9 X 108 2.0 X 10-4 
Glucose PBS 1 NO NO 4.7 X 108 1.9x 10-4 
PBS 2 ND ND 6 . 9 X 108 1. 2 X 10-4 
PBS 3 ND NO l.Ox 109 9. 7 X 10-5 
0. 5 \.lCi/ml r14CJ PBS 0.5 NO NO 3.5 X 108 2. 4 X 10-4 
Glucose PBS 2 NO NO 8.0 X 108 2 . 4 X 10-4 
0.5 uCi/ml 14c- labelled protein hydrolysate was used, the resulting 
bacterial viable count increased with the concentration of unlabelled 
glucose in the medium and with time. Maximum specific activity was 
obtained by incubation in 1% glucose for 0.5 h which represented 42% 
incorporation of available radioactive label. A later experiment to 
determine the specific activity upon harvesting and washing the bacteria 
immediately after addi tion of the radiolabelled incubation medium, 
- 4 
resulted in 6. 7 x 10 c . p.m. /c . f . u . 
Incubation of strain 449/3 in PBS conta~n~ng 0.25 uCi/ml and 
0 . 5 uCi/ml r14c]-glucose resulted in a specific activity of 9.7 x 10-5 
2 4 X 10- 4 I f 3 h I . f d. . . . c.p.m. c .. u. over . ncorporat~on o ra ~oact~v~ty was 
not dependent on length of incubation but viable counts increased over 
the 3 h. 
4 . 2.2 Routine labelling of A. salmonicida 
Bacterial cultures (2.2.3, 18 h, TSB), washed in PBS, were adjusted 
to a density of approximately 108 c.f.u./ml in PBS containing 1% unlabelled 
glucose and 0.5 uCi/ml 14c-labelled protein hydrolysate. After 0.5 h 
incubation unshaken at 20°C, the bacteria were washed twice in PBS and 
resuspended in appropriate test media. This commonly resulted in a 
- 4 
specific activity of approximately 7 x 10 c .p.m. /c .f.u. for all strains 
of A. salmonicida. 
Generally, r esults were calculated from the counts per minute values 
obtained from the scintillation counter, since the percentage counting 
efficiency was constant at 93% . When this parameter varied (e . g . when 
assessing adherence to skin flaps (4 . 2 .13)7 the corrected disintegrations 
per minute figures were calculated. 
4 . 2.3 Tissue culture cell lines 
The microscopic appearan~e of the var~ous fish and mammalian 
con tinuous cel l lines used in this investigation are shown in Plate 9. 
All cell lines were grown at their optimum temperatures and were 
challenged experimentally at room tempe rature (21°C), unless otherwise 
stated . 
4.2 . 4 Adhesion of all A. salmonicida strains used ~n this study 
+ The adhesion of A , A and A LPS strains of A. salmonicida to RTG-2 
and FHM tissue cultur e cell monolayers was investigated (2 .11. 2) . 
Adhe r ence of all strains was greater to FHM ce lls than to RTG-2 ce l ls 
(Fig. 15) . A+ strains (449 , 450, 451, CM30 and BRl ) adhered to a much 
greater extent than A strains (449/3 , 450/3, 451/3, CM30/3). Strains 
with no A-layer and modified LPS (449/3/R, 450/3/R, 451/3/R) showed an 
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Plate 9. Light micrographs of the continuous cell lines used ~n this 
study, showing characteristic morphologies 
x 169, phase contrast 
Bar = 100 ~m 
a Rainbow trout gonad (RTG- 2) - Fibroblastic 
b Eat head m~nnow (FHM) - Epithelial 
c Atlantic salmon (AS) - Epithelial 
d Baby hamster kidney (BHK- 21) - Fibroblastic 
e Potoroo (Pt-K-2) - Epithelial 
f Madin Darby canine kidney (MDCK) - Epithelial· 
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Fig. 15. + Adhesion of A strains of A. salmonicida and of their 
A and A LPS derivatives to RTG-2 and FHM cell monolayers 
Cell monolayers were inoculated with 3 x 107 c.f.u. of radiolabelled 
bacteria in microtitre tray wells. The percentage of the inoculum 
adherent after 60 min was determined from assessment of radioactivity 
bound to monolayers. 
Values are the mean of 3 determinations 
Bar = ± SE 
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106 STRAIN 
intermediate degree of adherence of magnitude similar to A strains. 
Differences were considered highly significant since statistical analysis 
. + 
of adhesion of A and A LPS mutants compared w1th that of the parent A 
strains showed p < 0.01. 
Scanning electron microscopy of A. salmonicida adherent to tissue 
culture cells showed no apparent signs of either adhesive structures or 
interbacterial connections for either A+ or A strains. Plate 10 shows 
the appearance of strain 449 adherent to RTG-2 cells. 
4. 2.5 Effect of bacterial inoculum size on adhesion 
The adhesion of strains 449, 449/3, CM30 and CMv30/3 to RTG-2 and 
FHM tissue culture cells as a function of bacterial inoculum was 
determined (2.11.3). Similar stoichiometry was apparent for both pairs 
of strains (Fig. 16). + Adherence of both A and A bacteria was greater 
to FHM than to RTG-2 monolayers and A+ strains adhered to both cell types 
to a greater extent than their A- derivatives. Adherence of A strains 
increased linearly with increasing concentration of available bacteria. 
In contrast, although the adherence of A+ strains 449 and CM30 increased 
7 linearly with increasing inocula up to inocula of 1.6 - 4.0 x 10 c .f.u. 
(log10 values of 7.2 - 7.6), above this value the proportion of adherent 
bacteria tailed off, with a corresponding decrease in the slope of the 
graphs. 
Using the data from the same experiment
1
the amount of the original 
inoculum that had adhered in each sample was calculated in order to devise 
a s t andard inoculum for experimental protocols (Table 16). The maximum 
percentage of original inocula adhered to both cell lines with all the 
A. salmonicida strains when the original bacterial density was in the 
7 
order of 10 c.f.u. per well. Therefore this inoculum size was used in 
microtitre tray assays. 
4 . 2 .6 Effect of pH on adhesion 
To study the e ffect of pH on adhesion of strains 44 9 and 449 / 3 to 
ce l l monolayers, bac t e ria l inocula were suspended in buff ers of pH 5. 0 -
8 .5 (2 .11. 4) . From Fig . 17 it is apparen t that pH had no effec t on 
adhe r ence. The diffe r ence in adhesion of A. salmonicida t o FHM ce l ls 
compared with RTG-2 ce lls was notTapparent a s in previous experiments 
due to some sloughing of FHM monolaye rs. Adhe r ence values of controls 
in this investigation and 4. 2 .8 were half that found in othe r assays 
because the inoculum was in twice the vo lume . 
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Plate 10. Scanning electron micrograph of A. salmonicida strain 449(A+) 
adherent to subconfluent RTG-2 cells at high bacterial 
density ( 109 c.f.u./ml). 
X 5,100, 55° tilt 
Bar = 5 ~m 
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Fig. 16. Effect of bacterial inoculum size on the adhesion of . 
A. salmonicida strains 449, 449/3, CM30 and CM30/3 to FHM 
and RTG-2 cell monolayers 
The number of original and adherent bacteria was calculated from the 
scintillation counts and specific activity of the radiolabelled bacteria. 
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Table 16 . Adhesion of A. salmonicida strains 449, 449/3, CM30 and CM30/3 
to RTG-2 and FHM cell monolayers. Effect of bacterial inoculum 
size on the proportion of inoculum bound. 
Strain Original inoculum 1 (c.f .u. per well) i. Inoculum bound after 1 h 
RTG-2 FHM 
449 1.6x 108 4. 95 ( ±0. 74) 8.99 (±1.15) 
7.9 X 107 5.62 (±2.24) 8.88 (±0. 24) 
1.6x 107 13.86 (±1. 29) 17.66 (±1.25) 
7.9 X 106 9. 42 ( ±1.24) 13.05 ( ±0.23) 
1.6 X 106 9.97 (±1. 08) 11.38 (±0. 53) 
449/3 5.2 X 108 2. 21 (±0.09) 2 . 51 (±0. 20) 
2. 6 X 108 2. 20 ( ±0. 10) 2.42(±0.01 ) 
5.2 X 107 2.54 (±0 . 05) 4.79 (±0. 13) 
2.6 X 107 4 . 30 (±0.36) 4 . 47 (±0. 02) 
5.2 X 106 4.36 (±0. 32) 5.71 (±0. 27) 
CM30 4.0 X 108 2.51 (±0 . 10) 6 . 28 (±0. 93) 
2.0 X 108 3. 70 ( ±0 . 13) 5.76 ( ±0.21) 
4.0 X 107 15.70 (±1. 32) 17 . 81 (±2 . 65) 
2.0 X 107 11.31 (±0. 83) 12 . 76 (±0 . 65) 
4.0 X 106 10 . 77 (±1.50) 10. 89 (±0.77) 
CM30/3 3. 9 X 108 2. 19 ( ±0. 2 7) 2 .58 (±0. 08) 
2.0 X 108 2. 41 (±0 . 07) 2. 98 ( ±0. 11) 
3.9 X 107 3. 11 ( ±0. 15) 3.63 ( ±0.15) 
2.0 X 107 3.03 (±0.15) 3.68 (±0.14) 
3 . 9 X 106 3.20 ( ±0.24) 3 . 99 ( ±0. 33) 
l i. Inoculum bound is the proportion of radiolabelled bacteria 
adherent to monolayers expressed as a percentage of 
radiolabelled bacteria inoculated. 
Results are t he means of 3 replicates (± SE) 
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Fig. 17. Effect of pH on adhesion of A. salmonicida strains 449(A+) 
and 449/3(A-) to RTG-2 and FHM cell monolayers 
Inoculum was 4 x 107 c.f.u. per well. 
Open histograms strain 449 
Filled histograms strain 449/3 
i. Inoculum bound is the radioactivity of bound bacteria expressed as 
a percentage of the radioactivity of the inoculum. 
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4.2.7 Effect of temperature on adhesion 
The effect of temperature on the adhesion of strains 449 and 449/3 
to the fish tissue culture cell lines RTG-2 and FHM and to the mammalian 
cell line BHK-21 was studied (2.11. 5). 
Concerning the RTG-2 and FHM monolayers, adherence of strain 449 
was greater than that of strain 449/3 and adherence of both strains 
increased with temperature over the range 0°C - 30°C (Fig. 18). 
Comparison between the two cell lines showed a greater adhesion to FHM 
than to RTG-2 cells. Adherence to baby hamster kidney (BHK-21) cell 
monolayers was determined at the optimum growth temperature of this cell 
line, 37°C, and at 0°C (2.11.5). Adhesion was greater for strain 449 
than for strain 449/3 at both temperatures, increasing linearly over 
60 min before plateauing. For both strains adhesion at 37°C was markedly 
greater than at 0°C (Fig. 19). 
4.2.8 Inhibition of adhesion by sugars 
To determine whether adhesion of strains 449 and 449/3 to cell 
monolayers involved specific sugar receptors, lOO mM sugars were 
incorporated in the bacterial inoculum (2.11.6). Comparing the results 
with the PBS controls it was c lear that no inhibition by fucose, 
galactose, glucose, mannose or methyl-mannoside occurred (Fig. 20). 
Adherence to FHM monolayers was greater than to RTG-2 monolayers. 
4 .2.9 Effect of metabolic inhibitors, divalent cations and serum 
treatment on adhesion 
The influence of metabolic inhibitors, divalent ca tions and prior 
incubation with serum on the adherence of A. salmonicida strains 449 
and 449/3 to RTG-2 monolayers was investigated (2.11.7 & 2.11.8). The 
results shown in Table 17 indicate that medium composition and serum 
treatment affected in vitro adhesion. 
Adhesion of strain 449/3 was not affected by the removal of divalent 
cations from the medium, reduced slightly by iodoacetic acid and very slightly 
by azide . Treatment of this strain with normal trout serum markedly 
reduced adhesion, with a lesser reduction being obtained after incubation 
with heat-treated normal trout, immunized trout and heat-treated 
immuni zed trout sera. 
Adhesion of strain 449 was halved in medium formulated so as not 
to contain calc ium or magnesium. The role of these two ions was further 
demonstrated by a marked reduction in adherence in medium containing EDTA 
and considerable reduction when EGTA was incorporated. Metabolic 
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Fig. 18. Effec~ of temperature on adhesion of A. salmonicida strains 
449(A) and 449/3(A-) to RTG-2 and FHM monolayers 
Inoculum was 4 x 
Open histograms 
Filled histograms 
107 c. f. u. /well. 
strain 449 
strain 449/3 
%Inoculum bound is the radioactivity of bound bacteria expressed as a 
percentage of the radioactivity of the inoculum. 
Values are the mean of 3 determinations. Bar ±SE. 
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Fig. 19. Adhesion of A. salmonicida strains 449(A+) and 449/3(A-) to 
BHK-21 monolayers at 0°C and 37°C 
6 Inoculum was 1.5 x 10 c.f.u./well 
%Inoculum bound is the radioactivity of bound bacteria expressed as a 
percentage of the radioactivity of the inoculum. 
Values are the means of 3 determinations. 
SE bars not shown. 
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Fig. 20. Effect of sugars on the adhesion of A. salmonicida strains 
+ -44~A) and 449/3(A) to RTG-2 and FHM monolayers 
Inoculum was 3.6 x 
Open histograms 
Closed histograms 
107 c. f. u. /well. 
strain 449 
strain 449/3 
% Inoculum bound is the radioactivity of bound bacteria expressed as 
a percentage of the radioactivity of the inoculum. 
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Table 17. Effects of various agents and serum treatment on adhesion of 
+ -A. salmonicida strains 449(A ) and 449/3(A ) to RTG-2 
mono layers 
Medium % Adhesion 1 
Strain 
449 449/3 
---
HHBSS 100 lOO 
HHBSS without 2+ ea or Mg 2+ so 92 
HHBSS + EDTA 17 92 
HHBSS + EGTA 33 92 
HHBSS + Azide 61 83 
HHBSS + Iodoacetic acid 44 67 
HHBSS + Puromycin 83 117 
Sera 2 
Normal trout 89 33 
Heat-treated normal trout 44 75 
Immunized trout 33 75 
Heat-treated immunized 
trout 28 67 
Values are the means of 3 determinations 
l % adhesion proportion of radiolabelled bacteria 
adhered expressed as a percentage of the control 
(HHBSS). 
2 For antibody titres see Table 25, page 162. 
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inhibitors affected the degree of adhesion in descending order 
iodoacetic acid > azide > slight reduction by puromycin. Treatment with 
normal trout serum resulted in a slight reduction in adherence, 
whereas heat-treated serum reduced adherence to less than half the value of 
the control. Immunized and heat-treated immunized trout sera caused 
a marked reduction in adherence. 
4.2 . 10 Effect of tissue culture cell type on adhesion 
The adhesion of A. salmonicida to various epithelial and 
fibroblastic cell lines was determined (2.11.9). The kinetics of 
A. salmonicida adhesion (strains 449 and 449/3) to RTG monolayers over 
90 min are shown in Fig. 21. The degree of adhesion increased prior to 
tending towards a steady state over this time period. Adhesion of the 
A+ strain (449) was approximately 3 fold higher than its A- derivative 
(449/3). Adhesion to FHM and Atlantic salmon (AS) cell lines (Fig . 22) 
at D~o different bacterial densities generally showed a linear increase 
~n adhesion with time . Strain 449 adhered to a greater extent than 
strain 449/3, with percentages of adherent bacteria being higher to FHM 
cells than to AS monolayers. 
Further comparisons (Table 18) involving 4 cell lines, showed 
maximum adhesion to FHM monolayers, followed by AS, Madin Darby canine 
kidney (MDCK) and RTG-2 for the A+ strain. The A strain showed a degree 
of attachment in decreasing order, FHM > MDCK > AS > RTG-2. 
+ Both the A and A strains showed low adhesion to wells without 
cell monolayers (Table 18). However, as 'controls' these were not 
valid , since ~n experimental challenges the basal surface of the well 
was entirely covered with tissue culture cells and therefore a completely 
different substrate. 
4.2.11 Effect of shaking on adhesion 
The effect of shaking and static conditions on the adhesion of the 
A+ strain 449 and the A- strain 449/3 to FHM, RTG-2, Potoroo (Pt-K- 2) and 
AS cell monolayers was studied (2.11 .10). The results of 2 separate 
experiments are shown in Figs. 23a and 23b . 
With all substrates maximal adherence was by strain 449 to 
unshaken cell monolayers. Adherence by this strain was reduced when the 
monolayers were shaken. With strain 449/3, shaking enhanced adherence. 
In all instances, the overall degree of adherence was less for 449/3 than 
strain 449 . Adherence was greatest to FHM monolayers, and least to AS 
monolayers. The percentage adherence values to RTG-2 and Pt-K-2 cell 
monolayers was intermediate . 
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Fig. 21. + The kinetics of adhesion of A. salmonicida strains 449(A ) and 
449/3(A-) RTG-2 monolayers. 
Inoculum was 4 x 106 c.f.u./well. 
• = Strain 499; 0 = Strain 449/3. 
% Inoculum bound is the radioactivity of bound bacteria expressed as a 
pe rcentage of the radioactivity of the inoculum. 
Points are the means of 3 determinations. Bar ±SE. 
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Fig. 22. + Kinetics of adhesion of A. salmonicida strains 44~A) and 
449/3(A-) to FHM and AS cell monolayers 
(a) Inoculum was 106 c.f.u./well 
(b) Inoculum was 107 c.f.u./well 
o--o = Strain 449, FHM monolayer; 
~ = Strain 449, AS monolayer; 
o- ..o = Strain 449/3, FHM monolayer; 
•4 = Strain 449/3, AS monolayer. 
% Inoculum bound is the radioactivity of bound bacteria expressed as a 
percentage of the radioactivity of the inoculum. 
Points are the means of 3 determinations. Bar ±SE. 
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Table 18. Adhesion of A. salmonicida strains 449(A+) and 449/XA-) 
to cell monolayers 
. 1 Stra1n % Inoculum adherent after 60 min2 
Cell monolayer 
RTG-2 F~ AS MDCK No cells 
449 15.3 (±1.3) 22.8 (±0.7) 18.4 (±1.8) 17.6 (±0.8) 1.3 ( ±0.3) 
449/3 3.0 (±0.5) 5.9 (±0.6) 3.4 (±0. 2) 3.9 (±0.2) 2.1 (±0.2) 
Values are the mean of 3 determinations, (±SE). 
1 
2 
7 Inoculum was 3.2 - 4.2 x 10 c .f.u. /well . 
% Inoculum adherent proportion of radiolabelled bacteria 
adherent to indicated cell monolayer. 
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Fig . 23a. Effect of shaking on the adhesion of A. salmonicida strains 449(A+) and 449/J(A-) to cell monolayers 
7 Inoculum was 2 x 10 c .f.u . /monolayer. 
o = Strain 449, unshaken; 
.& = Strain 449/3, shaken. 
• = Strain 449, shaken; Strain 449/3, unshaken; 
% Inoculum bound is the radioactivity of bacteria bound to monolayers expressed as a percentage of the 
radioactivity of the inoculum . 
Points are the means of 2 determinations. 
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Fig. 23b. Effect of shaking on the adhesion of A. salmonicida strains 449(A+) and 449/3(A-) to cell monolayers 
7 
*Inoculum was 4 x 10 c .f.u./monolayer. +Inoculum was 2 x 107 c .f.u./monolayer . 
D= Strain 449, unshaken; •= Strain 449 , shaken; ~ = Strain 449/3, unshaken; 
• = Strain 449/3, shaken. 
% Inoculum bound is the radioactivity of bacteria bound to monolayers expressed as a percentage of the 
radioactivity of the inoculum. 
Points are the means of 3 determinations. 
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4.2.12 Effect of bacterial growth medium on adhesion 
Strains 449 and 449/3 were grown in various media prior to a 
standard adhesion assay (2.11.11). The results shown in Fig. 24 
indicated that strain 449 adhered to a greater extent than strain 449/3 
after similar cultivation. Maximum adherence was obtained for strain 
449 by culturing in BHI broth, followed by furunculosis broth (FB) and 
casein-yeast-beef broth (CYBB). On a descending adherence scale, TSB-
and Nutrient broth number 2- cultured strain 449 adhered to a similar 
degree. Maximum adherence of strain 449/3 was by BHI broth-cultured 
bacteria. Apart from this medium, in the decreasing order of adhesion, 
CYBB > TSB > NB2 > FB, differences between differently cultured strain 
449/3 were not as acute as with strain 449. 
4.2.13 Adhesion to excised fish tissue 
The adhesion of strain 449 and strain 449/3 to isolated skin flaps, 
gills and gut tissue was determined under static and shaking conditions 
(2.12.0). The adhesion of bacteria suspended in 20 mM HEPES-buffered 
Hanks Balanced Salts solution (HHBSS) and aquarium tank water was compared. 
In all cases (Figs . 25, 26 and 27) , the numbers of bacteria bound were 
dependent on the bacterial strain and physical state of the system. 
Adhesion to skin flaps (Fig. 25) was greatest with strain 449 in 
HHBSS under shaking conditions. Strain 449 adhered to a greater extent 
than strain 449/3 under similar conditions. Adherence of both strains 
was greater under shaken than static conditions, and was greater in 
HHBSS than in tank water. 
These patterns were essentially the same with sections of gill 
(Fig. 26) , although the difference for strain 449 between shaken HHBSS 
and shaken tank water was more pronounced. 
Adhesion to gut sections (Fig. 27) was only conducted with bacteria 
suspended in HHBSS, and again strain 449 adhered more r eadily than 
strain 449/3 . 
Microscopical examination of the bacterial cultures revealed that 
aggregates of strain 449 were larger in shaken than static HHBSS. 
4 . 2.14 Passage of A. salmonicida across skin 
The ability of A. salmonicida to adhere to and penetrate excised 
trout skin was investigated (2.13.0) . Bacteriological examination of 
s amples taken from the fl uid in contact with the inner skin surface after 
24 h exposure of the outer surface to strains CM30 and BRl did not detect 
any characteristi c pigment-producing colonies, indicating that bacteria 
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Fig . 24. Effect of bacterial growth medium on adhesion of A. salmonicida 
strains 449(-) and 449/3 ( --) to RTG-2 cell monolayers 
7 Inoculum was 1.2 x 10 c.f.u./well 
i. Inoculum bound is the radioactivity of bound bacteria expressed as a 
percentage of the radioactivity of the inoculum. 
Points are the means of 3 determinations. 
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Fig . 25 . Adhesion of A. salmonicida strains 44~A+) and 449/X A-) to 
isolated skin flaps 
Inoculum was 3 x 107 c . f.u./dish. 
........ = 
o-o= 
..._.= 
t:.--A= 
Strain 449, 
Strain 449, 
Strain 449, 
Strain 449, 
HHBSS, shaken 
HHBSS, unshaken 
tank water, shaken 
tank water, unshaken 
...... = Strain 
o-~= Strain 
.- .... = Strain 
6- --8= Strain 
449/3' 
449/3, 
449/3, 
449/3, 
HHBSS, shaken 
HHBSS, unshaken 
tank water, 
shaken 
tank water, 
unshaken 
% Inoculum bound is the radioactivity of bound bacteria expressed as a 
percentage of the radioactivity of the inoculum. 
Points are the means of 3 determinations. 
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Fig. 26. Adhesion of A. salmonicida strains (A+) and 449/3(A-) to 
excised gill fragments 
Inoculum was 2 x 107 c.f.u./dish. % Inoculum bound is the radioactivity 
of bound bacteria expressed as a percentage of the radioactivity of the 
inoculum (mean of 3 determinations). 
..-.= Strain 449, HHBSS, shaken ... = Strain 449/3, HHBSS, shaken 
o-o= Strain 449, HHBSS, unshaken o--o = Strain 449/3, HHBSS, unshaken 
A--A= Strain 449, tank water, shaken .... = Strain 449/3, tank water, shaken 
l:s.--l::. = Strain 449, tank water, t:r -6. = Strain 449/3, tank water, 
unshaken unshaken 
25 
"'0 
c: 
;J 
0 
.D 
e 
;J 20 
...... 
;J 
u 
0 
c: 
H 
~ 
15 
10 
5 
0 20 
Time (Min) 40 60 
126 
Fig. 27. Adhesion of A. salmonicida strains 449(A+) and strain (A-) to 
excised gut 
Inoculum was 4 x 107 c.f.u./dish ~n HHBSS only . 
..... = Strain 449, shaken 
o-o = Strain 449, unshaken 
•• = Strain 449/3, shaken 
(r{)= Strain 449/3, unshaken 
% Inoculum bound is the radioactivity of bound bacteria expressed as a 
percentage of the radioactivity of the inoculum. 
Points are the means of 3 determinations. 
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had not traversed the skin. Scanning electron microscopy of the outer 
surface of experimental skin showed 'Aeromomas-like' bacteria adhering 
in clusters to the mucus on the scales, with fibrils extending from some 
bacteria to the skin surface (Plate 11). 
4.2 .15 Haemagglutination by A. salmonicida 
The haemagglutinating properties of A. salmonicida were investigated 
using a WHO plate assay and slide agglutination (2.14.1). Initial 
investigations of 18 h bacterial cultures using the WHO plate system 
showed that A+ strains generally caused strong agglutination of all the 
erythrocyte species. Those strains which lacked the A-protein failed 
to agglutinate the red cells or did so very weakly (Table 19). When 
agglutination did occur, it was not inhibited by fucose, galactose, 
glucose or mannose. 
A more thorough investigation was conducted to assess the effects 
of culture age and growth temperature on WHO plate and slide 
haemagglutination (2.14.1). Human and rainbow trout erythrocytes were 
tested using bacteria grown on TSA and TSB. 
The agglutination patterns of human erythrocy tes are shown in 
Tables 20 & 21. When bac teria were grown at 20°C, slide agglutination 
only occurred with 48 h TSA cultures ( Table 20). Each of the 
haemagglutinating strains showed mannose- and a -methyl-D-mannoside-
sensitive agglutination. In addition, fucose inhibited agglutination by 
strains 449, 449/3, CM30 an1 CM30/ 3. 
In the WHO pl ate assay , the 18 h TSB culture of strains CM30, 24 h 
TSA cultures of strains 449, 450 and CM30, and 48 h TSA cultures of 
strains 449, 450 and CM30 caused agglutination; sugar inhibition was not 
apparent. 
The patte rns of agglutination by bacteria cultured at 25°C (Table 21 ) 
were different to the above . Slide agglutinations were positive with 
48 h TSA cultures of strains 449/3, 450, 450/ 3 and CM30/3, showing 
mannose- and a-methyl-D-mannoside-sensitive haemagglutination. 
The WHO plate assay showed sugar-resistant agglutination by 18 h 
TSB cultures of strains 44 9, 450 and CM30, and 24 h and 48 h TSA-cultured 
strains 450 and CM30 . Haemagglutination by 48 h TSA-cultured strain 449 
was sl ight l y mannose- and f ucose- sen s itive . Wi th 48 h TSB culture s, 
agglutination was produced by stra in 449 whi ch was inhibited by all the 
sugars tes ted , by strain 450 which was only f ucose -resist ant ; and by 
strain CM30 whi ch was una f f ected by sugars. 
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Plate 11. Scanning electron micrographs of A. salmonicida strain 449 
adherent to trout skin 
a) x 5,000 
Bar = 5 l.lm 
Note microcolonies of bacteria (B) adherent to the mucus covering 
of the scale surface. 
b) High power of above showing processes extending between bacteria 
and the mucous surface (arrotved). 
X 27 ,000 
Bar = 1 l.lm 
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Table 19. Haemagglutination patterns of A+ and A strains of 
A. salmonicida - WHO plate assay 
. 1 Stra~n A-layer Agglutination of erythrocytes 
Human Horse Rabbit Rat Guinea Pig Trout 
449 + + + + + + + 
449/3 ± 
450 + + + + + + + 
450/3 ± ± 
451 + + + + + + + 
CM30 + + + ± + + 
CM30/3 ± ± 
BRl + + + + + + + 
+ Agglutination 
± Slight agglutination 
No agglutination 
1 18 h, TSB cultures 
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Table 20. Haemagglutination· of human 0 (Rh+ve) erythrocytes by A+ and 
A strains of A. salmonicida 
Strain 1 Assay Haemagglutination 2 
Culture and growth medium 3 age 
18 h 24 h 48 h 
TSA TSB TSA TSB TSA TSB 
449 Slide ND +M,Mn, F 
(A+) WHO ND ± + +(M,F) ± 
449/3 Slide ND +M,MN,F 
(A-) WHO ND 
450 Slide ND +M,Mn 
(A+) WHO ND + + ± 
450/3 Slide ND +M,Mn 
(A-) WHO ND 
'CM30 Slide ND ±M,Mn +M,Mn,F 
(A+) WHO ND + +(Mn) + ± 
CM30/3 Slide ND +M,Mn,F 
(A-) WHO ND 
1 Bacteria cultured at 20°C 
2 + = Agglutination Inhibition by: 
± Slight agglutination Fucose = F 
No agglutination Mannose M 
ND No t determined Methyl-mannoside Mn 
Slight inhibition () 
3 TSA Tryptone soy agar 
TSB Tryptone soy broth 
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Table 21. 
Strain 1 
449 
449/3 
450 
450/3 
CM30 
CM30/3 
+ Haemagglutination of human 0 (Rh+ve) erythrocytes by A 
and A strains of A. salmonicida 
Assay Haemagglutination 2 
Culture and growth medium 3 age 
18 h 24 h 48 h 
TSA TSB TSA TSB TSA TSB 
Slide ND 
WHO ND + +(M, F) +(Ga,Gl,M,Mn,F) 
Slide ND +M,Mn 
WHO ND 
Slide ND +M,Mn 
WHO ND + + + ±Ga,Gl,M,Mn 
Slide ND +M,Mn 
WHO ND ± 
Slide ND ± +M,Mn 
WHO ND + + + + 
Slide ND ±M,Mn 
WHO ND 
1 Bacteria cultured at 25°C 
2 + = Agglutination Inhibition by: 
± Slight agglutination Fucose F 
No agglutination Galactose Ga 
ND Not determined Mannose M 
Glucose Gl 
Methyl-mannoside Mn 
Slight inhibition ( ) 
3 TSA Tryptone soy agar 
TSB Tryptone soy broth 
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Rainbow trout erythrocytes were not agglutinated in the slide test 
by any of the strains studied. Sugar-resistant WHO plate agglutination 
occurred with strains 449, 450 and CM30 grown at 20°C or 25°C on TSA 
and in TSB. 
Microscopical examination of slide agglutinations showed that when 
A+ strains of A. salmonicida caused haemagglutination, clumps of red 
cells were small and numerous compared with the large granular aggregates 
formed by A strains. 
4.2.16 Yeast cell agglutination 
The yeast cell-agglutinating properties of A. salmonicida were 
determined using a slide agglutination test (2.14.2) and bacteria 
cultured under the same conditions as for haemagglutination studies. 
Results were identical with bacteria grown at 20°C and 25°C. All 
cultures of strains 449, 450 and CM30 caused sugar resistant 
agglutination. Strains 449/3, 450/3 and CM30/3 showed mannose- , 
a - methyl-D-mannoside- and fucose-sensitive yeast cell agglutination by 
all cultures. Plate 12 shows the type of yeast cell agglutination 
caused by A. salmonicida. The A strains, 449/3 and 450/3, produced 
larger clumps compared with the fine granular aggregation caused by 
+ . the A stra~ns 449 and 450. 
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Plate 12. Yeast cell agglutination by A+ and A strains of A. salmonicida 
a Strain 449(A+) 
b Strain 449/3(A -) 
c Strain 450(A+) 
d Strain 450/3(A-) 
~iner aggregates formed by A+ strains 
'~Large, granular aggregates formed by A strains 
X 430 
Bar = 50 11m 
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4.3.0 Discussion 
In order to investigate in vitro adhesion of A. salmonicida to 
cells, a simple objective assay system using radiolabelled bacteria was 
devised. Uptake of radiolabel 1s dependent on three main factors: 
( 1) the level of radioactivity 1n the incubation medium, (2) the period 
of time bacteria are incubated in radioactive culture and (3) the type 
of radiolabel - whether it is as a molecule which may be quickly 
processed and lost from the bacterium, e.g. by energy production, or a 
molecule that is permanently incorporated into the cell. To label 
bacteria other workers have incorporated high levels of radioactivity 
(10 uCi/ml) in normal growth media (Vosbeck & Huber, 1982; Jann ~al., 
1981) or cultured bacteria in minimal media containing the radiolabel. 
Such methods were not applicable to A. salmonicida, due to economic 
considerations and the inability of this bacterium to grow to a high 
enough cell density in defined media. A novel incubation protocol was 
devised, involving a short period of incubation in buffer containing 
14
c-labelled protein hydrolysate which yielded a high specific activity 
-4 (7 x 10 c.p.m. /c.f.u.). With this protocol bacteria had no opportunity 
to grow to any appreciable extent during incubation in the radiolabel, 
thus ensuring maximal concentration of isotope in relation to individual 
bacteria. Although r14CJglucose in the same system resulted in a usable 
level of radiolabelling, it was not used routinely because of its probable 
rapid turnover as a cellular constituent. Unlabelled glucose was 
incorporated in the system to prevent the radioactive amino acids being 
used as an energy source. 
The adhesion of A- strains of A. salmonicida to cell monolayers 
6 8 
was linear with respect to concentrati on in the range 10 - 10 c.f . u./ 
well. . + However, at high cell densities, the adhesion of A strains 449 
and CM30 to monolayers tended towards a constant value and saturation of 
the system, which suggested occupation of all available receptors on the 
cell monolayers . Vosbeck & Huber (1982) found that, within the range 
5 x 106 - 1 x 109 bacteria/m!, adhesion of E. coli to cell monolayers 
was linear . 
Comparison of the adhesion of all strains of A. salmonicida showed 
+ 
that A strains adhered to a much greate r exten t than A strains. This 
obvious difference between A+ and A strains was consistent throughout 
all investigations. Udey & Fryer (1978) found that aggregating strains 
of A. salmonicida adhered to human, rabbit and fish leucocytes and fish 
intestinal mucosal cel ls, but their study was not quantitative. 
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The adhesion of A+ and A strains to various cell monolayer species 
and morphological types was determined to elucidate possible receptors 
on host cells. In one experiment the adherence of both phenotypes to 
fish and mammalian cells decreased in the order FHM (epithelial) > RTG-2 
(fibroblastic) ~ Pt-K-2 (epithelial) > AS (epithelial). In another set 
of experiments, the order was FHM > AS > MDCK (epithelial) > RTG-2 with 
strain 449 (A+) and FHM > MDCK > AS > RTG-2 for the A strain 449/3. 
The Atlantic salmon cell line (AS) was originally established as 
fibroblastic (Nicholson & Byrne, 1973), although Flow Laboratories 
describe its morphology as epithelial. Variability in monolayer 
morphology of this cell line was also observed in this project, which 
could explain the variability of the results. However, the general 
+ 
trend produced was that A adhered more than A strains, and adherence 
was maximal to the fish epithelial cell line - FHM. Comparison between 
the FHM cell line and the fibroblastic line, RTG-2, involved in many 
experiments, clearly showed greater adherence to the epithelial line. 
Adhesion values for the mammalian epithelial cell lines Pt-K-2 and MDCK 
were roughly equal to (Pt-K-2) or greater than (~IDCK) those obtained 
with the stable fibroblastic fish line (RTG-2). 
The finding that maximal adherence occurred to fish epithelial 
cells may reflect the in vivo encounters by the invading microbe with host 
mucous membranes. However, significant adhesion did occur to ce lls from 
mammalian species (BHK, MDCK and Pt-K-2) suggesting that the adhesive 
mechanism was not entirely species specific, but also dependent on the 
cel l type. 
Other bacterial pathogens adhere spec ifically to mucosal epithelia 
1n vitro (Arbuthnott & Smyth, 1979). E. coli SS142 was found to adhere 
readily to human epithelicid cell lines in vitro, but poorly to human or 
animal fibroblastic lines and a murine epithelicid line (Vosbeck & Huber, 
1982). 
The nature of A. salmonicida adhesins appeared non-specific since 
neither pH nor incorporation of simple sugars influenced attachment. 
The increase in adherence with temperature could be attributed to 
thermodynamic considerations. Sugar moieties are the only residues that 
have been identified as bacterial r eceptors on epithelial cells (Ofek & 
Beachey, 1980), e.g . D-mannose for E. coli (Duguid & Old, 1980; Mett 
~~·· 1983; Ofek & Beachey, 1978; Ofek ~al., 1978; Old, 1972), 
L-fucose for V. cholerae (Jones & Freter, 1976), S- galactosyl residues 
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for K88+ E. coli (Gibbons~ al., 1975) and N-acetyl-D-galactosamine for 
Leptotrichia buccalis (Ofek & Beachey, 1980). 
The influence of shaking on adhesion was studied in order to mimic 
the possible in vivo encounter between microbe and host. Attachment to 
excised fish tissue, which was greater for the A+ than the A strain, 
was increased by shaking and influenced by the ionic strength of the 
medium. Adhesion in the higher salt concentration of Hank' s balanced 
salts solution compared with aquarium water was greater, presumably 
explained by an increased ion concentration reducing the electrostatic 
repulsion between the bacterium and host surface (Jones, 1977). However, 
the results of shaking adhesion assays using monolayers showed different 
trends to the assays involving excised tissue . Again, adhesion by the 
A+ strain was greater than with the A- strain, but although increased 
attachment by the A- strain occurred in the shaking system, A+ adhesion 
decreased. An explanation could be that the larger A+ aggregates seen 
under shaking conditions are more bulky and less able to stick firmly to 
the exposed cell surface, whereas the outer layer of mucus on skin, gills 
and gut ( Roberts & Bullock, 1980) is able to trap large particles. The 
observation that fibrils are present on A. salmonicida when adhering to 
skin but not tissue culture cells suggests that the "glycocalyx" fibres 
described by Schneider & Nicholson (1980) may be of host mucus rather 
than bacterial origin. Lactobacilli attached to chicken crop epithelium 
also show fibrillar mate rial extending between bacterial cells 
(Fuller & Brooker, 1980) . 
Although A+ strains can adhere to the outer skin surface, the 
finding that they cannot traverse the integument suggests that skin 
passage is not a portal of entry for A. salmonicida . Bowers & 
Alexander (1982) also failed to show passage of bac t e ria · across trout 
skin. 
The finding that adhesion of A+ and A- strains was inhibited by 
iodoacetic acid and of A+ strains by azide indicates that glycolytically 
derived energy is important, with aerobic respiration influencing the 
+ - . A more than the A stra1ns. The slight influence of puromycin suggests 
the involvement of protein synthesis in adhesion, perhaps influencing the 
mac romole cular structure of the A-prote in. Inhibitors of protein 
synthesis and energy production have been shown to reduce the adhesion 
of marine bacteria: Pseudomonas sp . , Flavobacterium uliginosum, 
Mi c ro coccus sp., Corynebacterium e r y throgenes and Bacillus epiphytes 
(Fletcher, 1980). The e ffects of low concentrations of antibiotics on 
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E. coli adhesion have shown some drugs to reduce adherence by inhibiting 
the synthesis or metabolism of adhesive factors (Vosbeck ~al., 1979; 
Vosbeck ~~·· 1982). 
The role of divalent cations Ln the adhesion of A+ strains may be 
as bridging ions. Calcium ions are important in the adhesion of oral 
streptococci by mediating Lipoteichoic acid/pellicle adsorption 
(Gibbons, 1980; Orstavik, 1980). Bridging by calcium and iron ions 
between the gonococcal cell surface and ligands on the host cell membrane 
has been postulated (Watt, 1980). If calcium and magnesium LOns fulfil 
a similar role in attachment by A. salmonicida, then the possibility of 
ionic interactions arises. The function of hydrophobic interactions may 
be complex - as an interaction per ~ and also to stabilise ionic 
interactions (Magnusson ~al., 1980). 
The effect of serum treatment on in vitro adherence is discussed 
more fully in Chapter 5. The effect of treatment with trout sera on the 
adherence of A. salmonicida to tissue culture cells was probably non-
specific and not via specific immune interactions, since such cells do 
not possess immune receptors. The reduced adherence of the A+ strain 
can be explained, in part, by the reduction in hydrophobicity of serum-
treated bacteria (5.9.2). The reasons for A+ bacteria treated with 
heated normal serumadhering less than cells treated with unheated serum 
are not clear, since the former was devoid of complement. With sera from 
immunized trout, the agglutination produced could also have contributed 
to less adherence, since large c lumps of bacteria may easily have been 
dislodged from the substrate during washing. With the A- strain, serum 
treatment affected bacteria by generally increasing hydrophobicity 
(5 .9.2), which would increase adherence, and also by causing agglutination. 
With this strain, aggregate formation by specific antibody and natural 
agglutinins were probably the prime influence, with large clumps not 
adhering as strongly as single bacteria. Therefore, the increased 
hydrophobicity did not influence adhesion. 
Relating these observations to the biochemical prope rties of 
A. salmonicida, it would appear that the A-layer confers an increased 
ability on virulent strains to adhere to a variety of cel l types. 
Binding interactions seem to be general rather than specif i c and are 
probably a consequence of the marked hydrophobicity of the surface of 
A+ strains. This hypothesis is substantiated by the f inding that 
cultural conditions that result in increased bacterial surface 
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hydrophobicity (3.7.8) correlate with increased adhesion to RTG-2 
monolayers. Host cell factors also appear to be determinative, since 
adherence is greatest to fish epithelial cells within a range of cell 
species and types. The lactobacilli show species specificity - avian 
lactobacilli only attach to avian epithelial cells, whereas rat 
lactobacilli attach only to rat cells (Lee, 1980; Suegara ~-~1., 1975). 
Many virulent bacteria possess specific hydrophobic adhesins 
(Watt, 1980). Long hydrophobic pili induce attachment by virtue of 
their small radius of curvature decreasing and penetr~ting the 
electrostatic repulsion barrier between host-cell and bacterial surfaces 
(Jones, 1977; Watt, 1980). Gonococcal pili contain 46% non-polar amino 
acids, with the 29 terminal amino acids being hydrophobic (Hermodson 
~al., 1978). However, although pili are present on gonococci when 
initially isolated from patients, their production in vivo is not 
universal (Watt, 1980). Hydrophobic interactions still appear to be 
important as a non-specific adhesive mechanism (Trust~~·· 1980a). 
In E. coli, Smyth ~al. (1978) showed K88 aritigen to mediate 
hydrophobic bonding and Wadstrom et al . (1978) correlated cell surface 
hydrophobicity of E. coli with expression of K88 and K99 antigens. 
Type 1 pili of E. coli are also hydrophobic (Watt, 1980). Type 1 pili 
of Salmonella typhimurium, which cause mannose-sensitive haemagglutination, 
contain 40% hydrophobic amino acids. In another study, adhesive ability, 
hydrophobicity and haemagglutination of human, bovine, guinea-pig and 
sheep erythrocytes, respectively were correlated with the possession of 
CFA/I, CFA/II, K88 and K99 antigens by enterotoxigenic E. coli (Wadstrom 
~al., 1980). Possession of the M-protein by Streptococcus pyogenes 
results ~n a more hydrophobic cell surface and increased adhesion to 
pharyngeal epithelial cells (Tylewska ~~·· 1981). Further investigations 
have shown this high hydrophobicity is also due to the lipoteichoic acid 
component of the cell wall (Tylewska ~ ~·· 1979; Ofek et~·· 1983; 
Wadstrom ~ ~-· 1984). 
Haemagglutination ~s a technique widely used to study bacterial 
adhesion (Duguid & Old, 1980). Using a WHO plate assay, A+ strains of 
A. salmonicida agglutinated red cells from a variety of species, with no 
definite inhibition by simple sugars. However, the haemagglutination 
pattern produced using the slide agglutination test (Atkinson & Trust, 1980) 
was more complex. The relatively large volume of reagents involved ~n 
the WHO plate assay probably resulted in the reaction being the 
result of autoagglutination by A+ strains, rather than specific 
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interactions between the bacterial surface and erythrocyte membrane 
receptors. Thus hydrophobic interactions, which caused settling A+ 
bacteria to sediment red cells in a pseudo-haemagglutination pattern, 
obscured specifi c adhesive mechanisms. 
Slide haemagglutination of human erythrocytes showed that 48-h 
TSA cultures maximally expressed agglutinins. A mannose-sensitive 
agglutinin was consistently expressed by A- strains at 20°C and 25°C, 
with the additional production of a fucose-sensitive adhesin by 
strains 449/3 and CMJ0/3 at 20°C . Some A+ strains produced these 
adhesins, but the difference in morphology of aggregates suggests that 
with these strains adhesive mechanisms are not as intense as with A 
strains. The finding that no agglutination of r ainbow trout red cells 
occurred indicates that adhesin receptors are not expressed on host 
erythrocyte membranes, or are not readily accessible (Trust et al., 1980) . 
Such observations also highlight the necessity for caution in 
extrapolating in vitro-demonstrable adhesins to the in vivo situation, 
where receptors may be unrelated to those on test erythrocytes. 
Yeast cell agglutination was ~ediated by mannose- and fucose-
sensitive adhesins with A- strains and was not dependent on bacterial 
growth temperature. Again, the smaller sugar-resistant aggregates 
produced by A+ strains suggest that molecularly specific interactions 
between A-protein and cell membranes do not occur. 
Trust et al. (1980b), using A- bacteria, found that strains of 
A. salmonicida varied in their ability to cause haemagglutination 1n 
slide agglutination tests. Six strains were able to agglutinate chicken, 
guinea-pig, rat and human red cells, but only one agglutinated trout 
erythrocytes. These workers found agglutination of human and trout 
erythrocytes and yeast cells was mannose- and fucose-sensitive . 
Mellergaard & Larsen (1981) found that rough strains agglutinated a 
variety of cell types, especially guinea pig and poultry erythrocytes 
and yeast cells. Agglutination was sugar-resistant and few strains 
agglutinated rainbow trout erythrocytes. Smooth strains agglutinated 
yeast cells only . Yeast and human red cell agglutination was correlated 
with a lack of the A-layer by Ishiguro & Trust (1981), and the mannose - / 
fucose-sensitive reaction of an A- strain was found to proceed in two 
phases using a viscometric assay (Brooks & Trust, 1983). 
Although in one study (Ishigur o & Trust, 1981), 18-h broth cultures 
of A. salmonicida produced agglutination: strains have generally been 
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grown for 48 h on TSA (Trust~ al . , 1980b; Brooks & Trust, 1983). 
Brooks & Trust (1983) found that 18 - 24 h cultures produced little 
aggregation; maximal activity occurred with 36 h - 42 h cultures and 
with cultures incubated beyond 54 h little agglutination was produced. 
Specific agglutinins would therefore appear to be exposed only on 
A strains. The low level sugar-specific agglutination by A+ strains 
could be explained if such adhesins partially project through the A-layer. 
Lipopolysaccharide is known to traverse this layer to be exposed on the 
cell surface (Chart ~ ~·, 1984). 
It is well documented that bacterial adhesins cause haemagglutination. 
In E. coli, type I fimbriae mediate mannose-sensitive agglutination 
(Duguid & Old, 1980; Old, 1972), K88 and K99 antigens agglutinate guinea 
pig and sheep erythrocytes (Wadstrom !£~·· 1980) and colonization 
factors cause haemagglutination. Jones & Freter (1976) found 
haemagglutination of human erythrocytes by V. cholerae to correlate with 
adhesion to rabbit brush border membranes. 
Correlation between haemagglutination and adhesion may be highly 
specific. Knutton ~~· (1984 a,b) found that E. coli which expressed 
CFA/I and CFA/II antigens agglutinated human and bovine erythrocytes, 
respectively. Both antigenic types adhered to the brush border of human 
intestinal epithelial cells, whereas bacteria which expressed Type I 
fimbriae agglutinated guinea pig red cells and adhered to the basolateral 
surface of the intestinal cells. The virulence of marine vibrios has 
been directly related to the mannose-sensitive haemagglutination of 
rainbow trout, striped bass, human, rabbit and guinea pig erythrocytes 
(Toranzo ~~., 1983). However, direct correlation between 
haemagglutination patterns and adhesion to other cell types is not 
always possible (Jann !£al., 1981; Arbuthnott & Smyth, 1979; Vosbeck 
~~· · 1982), due to the relative complexity of epithelial surfaces 
compared with erythrocyte membranes. 
In summary, the A-protein app ears to mediate adhesion of virulent 
A. salmonicida to a variety of cells in vitro. The exact mechanism of 
interaction is not full y understood,but seems to occur predominantly by 
non-spec ific hydrophobic interactions between the bac terial and host 
cell surfaces. In an assessment of adhesion to cell monolayers, maximum 
adherence was found to be a fish epithelia l line (FHM). Although 
haemagglutination has revealed specific adhes ins on A strains, their 
role in pa thogenicity is questionabl e as they are masked in A+ strains 
(Ishiguro & Trust, 1981). 
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It would be pertinent to study the host cell surface in order to 
explain the optimum adherence to the FHM cell line. In addition to 
specific membrane receptors, such as sugar residues (Ofek ~al., 1978) 
and glycoproteins (Gibbons~ al., 1975), the overall hydrophobicity of 
epithelial cells may be of importance. 
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CHAPTER 5. INTERACTION OF A. SALMONICIDA WITH PHAGOCYTES 
5.1.0 Introduction 
In many virulent bacteria, outer membrane components are involved 
~n interactions with host phagocytes (Buchanan & Pearce, 1979; Quie et 
~., 1981; Wilton, 1981). Several structures facilitate resistance to 
phagocytosis. These include the K antigen of Klebsiella aerogenes 
(Williams ~~., 1983), the antiphagocytic glycoprotein (antigen a) on 
Campylobacter fetus (McCoy et al., 1975, 1976; Winter et al., 1978) and 
group A streptococcal M protein (Fox, 1974; Foley & Wood, 1959; Foley et 
al, 1959), which prevents opsonization via the alternative pathway of 
complement fixation (Peterson et~., 1979), although antibody results 
in phagocytic killing (Gemmel ~al., 1981). Survival within phagocytes 
by resistance to intracellular killing is a strategy adopted by many 
pathogens. Although Neisseria gonorrhoeae is cytotoxic for blood 
leucocytes (Casey ~al., 1983), some survive and multiply within the 
phagocytes (Casey et al. , 1979 & 1980; Gibbs & Roberts, 1975; 
Ovcinnikov & Delektorskij, 1971; Veale ~~., 1977; Witt ~ ~·, 1976), 
with the outer membrane being particularly determinative in resistance 
to killing (Parsons~ al., ~981). Brucella abortus possesses a surface 
factor which allows intracellular growth (Frost et al ., 1972; Smith & 
Fitzgeorge, 1964) by inhibiting cell degranulation (Riley & Robertson, 
1984). Salmonella typhimurium has been shown to resist lysosomal enzymes 
(Carrol ~~., 1979) and Mycobacterium tuberculosis survives by 
inhibiting phagosome-lysosome fusion (Draper & D'Arcy Hart, 1975; 
Draper, 1981). Growth in human macrophages by Yersinia pestis 
(Charnetzky & Shuford, 1985) also occurs within phagolysosomes (Straley 
& Harmon, 1984). Other bacteria which survive and multiply intra-
cellularly include Legionella micdadei and L. pneumophila (Weinbaum et 
~., 1984), Pasteurella pestis (Janssen ~al., 1963), Listeria 
monocytogenes (Harrington-Fowl er ~~., 1981), Mycoplasma pulmonis 
(Howard & Taylor, 1979) and Leptospira interrogans (Cinco & Banfi, 1983). 
Munn & Trust (1984) found that injected A+ A. salmonicida rapidly 
accumulated in the phagocytic organs of trout resulting in the death of 
infected fish. However, samples taken from fish that had been injected 
with an A- strain showed bacteria to be rapidly cleared, after initial 
accumulation. This suggests that interactions between host phagocytes 
and this pathogen are important in the disease process. Also, the role 
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of hydrophobic interactions between phagocytes and bacteria has been 
highlighted by Van Oss ~al. (1975). It therefore seemed pertinent to 
study the interactions between A. salmonicida and phagocytes in vitro, 
and to relate the findings to in vivo observations. 
5.2.0 Results 
5.2.1 In vitro interactions of A. salmonicida with mouse peritoneal 
macrophages 
Peritoneal cells which adhered to the base of microtitre wells 
(2.10.1) were all found to be viable by staining with trypan blue (2.7.4) 
and confirmed as macrophages by a positive staining reaction with neutral 
red (2.7.4). Cells were characteristically spread and stellate 
(Plate 13). Approximately 5 x 104 macrophages per well (637/mm2) were 
routinely obtained. 
The method used to measure bacterial association with cultured 
macrophages was essentially similar to the assay, involving radiolabelled 
A. salmonicida (4.2.2), employed to determine the adhesion of bacteria 
to tissue culture cells (2.11.1). Labelled bacteria were incubated with 
macrophages for various periods and unassociated bacteria washed off. The 
amount of radioactivity remaining associated was determined, in order to 
calculate the percentage of the original inoculum associated with 
macrophages. 
5.2.2 Influence of inoculum s1ze on association 
The association of A. salmonicida strains 449 and 449/3 with mouse 
macrophages was determined at 37°C and 0°C, with initial inocula of 
2 x 106 and 3 x 107 c.f.u. added to each well (2.15.1 ) . At both inoculum 
levels the association of bacteria (as a percentage of the inoculum) was 
noticeably greater for the A+ strain than its A- derivative (Fig. 28a & 
b, p < 0.05 at both tempera tures). At 37°C, with the lower ratio of 
bacteria to macrophages, the number of cell-associated A+ bacteria was 
approximately twice that of A bacteria and the number of bacteria which 
became associated with macrophages increased as the initial inoculum was 
raised. Association was higher at 37°C than at 0°C, but the effect of 
temperature was less pronounced at the higher bacteria to macrophage ratio. 
5. 2.3 Effect of cytochalasin B on association 
The effec t on bac terial association with mouse macrophages of 
incorporating 10 ~g/ml cytochalasin B was studied in order to investigate 
more f ully the attachment and ingestion phases of phagocytosis (2.15.1). 
From the results shown in Fig. 29, it was apparent that some inhibition 
144 
Plate 13. Scanning electron micrographs of mouse peritoneal macrophages 
phagocytosing A. salmonicida strain 449/3 
a) Characteristically spread macrophage 
X 9,000 60° tilt 
Bar = 5 ).Jm 
b) Contracted cell with ingested bacteria (b). Note long processes 
still adhering to the substrate . 
X 9,000 60° tilt 
Bar 5 ).Jm 
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a 
b 
Fig. 28. Association of A. salmonicida strains 449(A+) and 449/XA-) 
with mouse macrophages 
%Inoculum associated is the radioactivity of associated bacteria expressed 
as a percentage of the radioactivity of the inoculum. 
Points are the means of 3 determinations. 
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Fig. 29. Effect of cytochalasin B on the association of A. salmonicida 
+ -
strains 449(A) and 449/3(A) with mouse macrophages 
6 Inoculum was 1.5 x 10 c.f.u./well 
Bacteria:macrophage ratio = 30:1 
Strain 449 with ( o) and without ( •) 10 ~g/ml cytochalasin B. 
Strain 449/3 with ( t:.) and without ( •) 10 ~g/ml cytochalasin B. 
% Inoculum associated is the radioactivity of associated bacteria 
expressed as a percentage of the radioactivity of the inoculum. 
Points are the means of 3 determinations. 
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of association for both strains occurred, the effect being more pronounced 
with the A+ strain than with the A- strain. Microscopic examination of 
cytochalasin B-treated macrophages revealed that they had rounded up. 
No morphological change was apparent when macrophages were incubated in 
medium containing DMSO (the stock cytochalasin B solvent (1 mg/ml)) only 
as a control. Electron microscopic examination of treated macrophages 
showed little internalization of bacteria compared with untreated 
phagocytes. 
5.2.4 Effect of serum treatment 
The effect of preincubating strains 449 and 449/3 in normal mouse 
serum on the association with mouse macrophages was investigated at 37°C 
and 0°C (2.15.1). After such serum treatment, the inoculum for both 
strains was standardized by absorbance measurement because prolonged 
incubation of A. salmonicida at 37°C resulted in a reduction in viable 
count. Viable counts were performed on the unopsonized bacterial 
suspension prior to association assays. As with other assays,association 
was greater at 37°C than at 0°C and in the absence of serum treatment the 
A+ strain showed a higher degree of association than the A- strain (Figs. 
30a & b). The effect of serum treatment on the A- strain was to cause 
an increase in association at both temperatures. However, serum 
+ 
treatment of the A strain had the opposite effec; with treated strain 
449 associating less with macrophages than untreated strain 449, although 
treated strain 449 associated more than treated 449/3 at 37°C. 
5.2.5 Light microscope study of the association of A. salmonicida with 
mouse macrophages 
Mouse peritoneal macrophages were cultured on glass coverslips 
and challenged with strains CM30 and CM30/3 (2.15.1). At intervals up 
to 12 h after the original challenge, samples were stained with Giemsa 
and the number of macrophages with associated bacteria counted. The 
nature of staining reactions was also observed. 
The results, shown ~n Table 22, indicate that the A+ strain 
associated more than its A derivative and that the number of associated 
bacteria decreased with time. With strain CM30 no marked change 
occurred until 12 h when a small reduction (18%) was apparent. With 
strain CM30/3 a small reduction (34%) occurred at 8 h, with a large 
reduction (95%) by 12 h. After approximately 8 h bacteria tended to 
stain blue rather than the typical purple. 
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Fig. 30. + The effect of treatment with normal mouse serum on the assoc i ation of A. sal monicida strains 449(A ) and 
449/3(A-) with mouse macrophages 
6 Inoculum was 10 c . f.u . /well. Bacteria:macrophage ratio= 20:1 . 
%Inoculum associated is the radioactivity of associated bacteria expressed as a percentage of the radioactivity 
of the inoculum . Points are the means of 3 determinations. 
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Table 22. 
Time 
0 
2 
4 
8 
12 
+ Association of A. salmonicida strains CM30(A ) and 
CMJ0/3(A-) with mouse macrophages 
(h) % Macrophages with associated bacteria 
Strain 
CM30 CM30/3 
92±2.6 73±3. 7 
89±2.0 65±4.0 
88±2.4 71±4.0 
91±1.6 48±4.8 
75±3.3 4±2.0 
Original inoculum for both strains was approximately 
7 5 x 10 c.f.u. per dish. 
4 Macrophage density was 6 x 10 per coverslip. 
Values are means ±SE from 30 fields of view. 
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5.2.6 Survival of A. salmonicida associated with mouse macrophages 
To investigate the possible variation in susceptibility of strains 
449 and 449/3 to killing by adherent mouse macrophages, microtitre well 
cultures were challenged for 1 h with bacteria and the viable counts of 
well contents were determined after further incubation( 2.15.2). The 
optimum temperature for the maintenance of mouse macrophages is 37°C, 
but, as this temperature would have had an adverse effect on the 
viability of A. salmonicida, a compromise was reached and experiments 
were conducted at 25°C and 30°C. 
+ . . . From Table 23, the results show that the A stra1n assoctated wtth 
macrophages to a greater extent than the A strain, confirming earlier 
observations. No reduction in viable count of either strain was 
0 0 
apparent at 25 C or 30 C. Over the 4-h incubation period, the viable 
count increased indicating bacterial growth. Equal growth occurred in 
control wells which did not contain adherent macrophages. 
5.3 . 0 Preparation of Rainbow Trout Macrophages 
In order to study the interactions between A. salmonicida and host 
phagocytes, it was necessary to routinely obtain a defined and 
reproducible population of cells. 
Comparisons between Percoll and Lymphoprep density gradient 
separation methods are shown in Fig. 31 and Plate 14. 
5.3.1 Use of Percoll gradients to obtain macrophages 
The separation of cell populations from suspensions of anterior 
kidney (pronephros ) and spleen was investigated using Percoll diluted 
to various densities (2 . 10.4). Various media were used in the preparation 
of the Percoll gradients - PBS, 0.12 M NaCl (pH 7.3 ) and 115 medium 
(with and with9ut 0.33% glucose) . Most separations involved a two layer 
gradient with densities of 1.08 and 1.07 g/ml. 
Results were extremely variable, with band positions differing 1n 
separation and number between individual fish samples. 
After centrifugation of kidney cell suspensions cell debris, if 
present, remained at t he top of the gradient. A band of white cells 
equilibrated at the interface between the crude cell suspension and the 
1.07 g/ml density band. Melanomacrophages either separated into the 
1.07 g/ml density band or remained with the white cells at the in t erface . 
Separation of ce l ls from the kidney of one fish resulted in the 
melanomacrophage band above the white cell band in t he 1.07 g/ml density 
laye r. Red blood cells were concentrated either at the base of the 
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Table 23. Survival of A. salmonicida strains 449(A+) and 449/~A-) 
associated with mouse macrophages incubated at 25°C and 30°C 
Time (h) Viable counts - c.f.u. per well 
25°C 30°C 
449 449/3 449 449/3 
0 3.3 X 106 2.0 X 104 3.9 X 106 9.3 X 105 
1 1.2x 106 2.4 X 106 2.0 X 106 l.lx 105 
2 2.4 X 107 3.0 X 106 1.3x 107 1.4x 106 
3 1.5x 107 1.8x 106 9.0 X 106 2.8 X 106 
4 1.3x 107 3.2 X 106 9.4 X 106 7.8 X 106 
Control - bacteria only 
0 2.2 X 106 8.7 X 106 5.3 X 106 1.4x 106 
4 l.Ox 107 1.2 X 106 4.1 X 106 9.9 X 106 
Results are the means of 2 determinations 
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Fig. 31. Comparison of Percoll and Lymphoprep density gradients for 
the separation of trout kidney cells 
Percoll 
Density 
( 9/ml ) 
Lymphoprep 
Density 
( 9/ml ) 
· · · ·· ·· · · • ___ K idney cell _____ 
1 .· · .. · 7ml .· · . • - suspension : 7ml 
. . .. . . .. . 
5ml 1·07 
10ml 
Percoll diluted 
1·08 wrth 0·12MNaCI 
L ymphoprep-
l•oo~ x •omin 
Ill - melanomacropha9es (black) 
ooo -white cell band 
.. . 
11200~ x 1smin 
~ -band from which macropha9es were isolated 
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Plate 14. Density gradient isolation of trout kidney macrophages 
A - Percoll gradient: 
B - Lymphoprep gradient: 
i - before centrifugation 
ii - after centrifugation 
1 - before centrifugation 
ii - after centrifugation 
111 - settling out of melanomacrophages from 
the interface layer obtained from (ii), 
after resuspension. 
~ band containing macrophages 
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tube or, more commonly, in a wide band within the 1.08 g/ml density layer. 
No black melanophores were apparent in spleen cell suspensions, 
although after centrifugation on a 1.07, 1.08 g/ml density gradient, 
white and grey cells either separated at the crude cell suspension/1.07 g/ml 
density interface, or within the 1.07 g/ml band, with a white band below 
the grey. Again, red blood cells either pelleted or appeared as a wide 
band in the 1.08 g/ml layer. 
Variation in the original crude cell suspension medium did not 
appear to affect cell separation and the incorporation of a 1.1 g/ml 
density layer did not result ~n further cell populations. 
Qualitative assessment of adherent cells (2.10.6) showed the white 
band to yield a relatively pure population of adherent cells which spread 
with characteristic macrophage morphology and were highly phagocytic for 
yeast cells (Plate 15). Some adherent cells remained rounded and did 
not spread. However, the proportion of this cell type was variable. 
Preparations from spleen suspensions yielded very few adherent, 
spreading macrophages, but contained a high proportion of thrombocytes. 
5.3.2 ·use of Lymphoprep to·obtairt macrophages 
Since the macrophage-enriched bands occurred at the interface of 
or within the 1.07 g/ml density layer of Percoll gradients, it was 
decided to investigate the use of Lymphoprep to separate cells (2.10.5). 
These reagents have similar densities. The Percoll system removed 
erythrocytes but was not efficient at separating melanomacrophages from 
macrophages. 
Layering of cell suspensions from kidney and spleen onto a small 
amount (3 ml) of Lymphoprep followed by centrifugation resulted in the 
efficient removal of red cells into a pellet at the bottom of the tube. 
The interface layer of macrophages and melanomacrophages was resuspended 
~n 10 ml Ll5 medium and gently inverted. This caused the melanomacrophages 
to clump as a gelatinous mass. The suspension was allowed to stand for 
a few minutes to allow the melanomacrophage aggregates to settle to the 
bottom of the tube prior to washing the remaining cell suspension 
(Plate. 14). This procedure yielded a reproducible cell suspension, 
devoid of red blood cells and melanomacrophages. 
The number of cells obtained from the spleen was small, but a 
yield of approximately 108 cells per kidney suspension was routinely 
obtained from each fish. 
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Plate 15. Scanning electron micrograph of trout kidney macrophages 
phagocytosing yeast cells 
Note the extensive utilization of membrane required to ingest the 
large yeast particles (Y), which results in contraction of the 
phagocyte. 
X 5,000. 
Bar = 5 JJm 
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5.3.3 Routine isolation of trout macrophages 
Separation using Lymphoprep was used routinely to obtain a cell 
suspension free of erythrocytes and melanomacrophages, from which 
adherent cells could be isolated using the method previously outlined 
(2.10.5 & 2.10.6). Cell suspensions obtained in this manner showed at 
least 95% viability by trypan blue staining. 
Qualitative investigations into the effect of substrate on 
adhesion by trout macrophages showed them to adhere more strongly, to 
be more resistant to removal during washing procedures, and to spread 
to a greater extent on glass surfaces than on tissue culture grade 
plastic. However, for killing assays, glass surface cultures were not 
practical and plastic culture vessels were used. 
5.4.0 In vivo·localization of injected A. salmonicida 
Experiments were conducted to determine the cellular localization, 
particularly within tissue macrophages, of injected bacteria, using 
live and killed A; salmonicida. 
5.4.1. 'Injection of 'live ·A. ·salmonicida 
To determine the cellular localization of live A+ ·A. ·salmonicida, 
trout were injected intramuscularly with approximately 107 c.f.u. of 
strain CM30 (2.16.1). After 3 days fish were killed and cell 
populations isolated. 
Fish were often lethargic at the time of killing. The injection 
site was swollen with a dark perimeter and cream/white centre. 
·A. salmonicida was readily isCillated and cultured on TSA from the fluid 
which oozed from this site. Resulting colonies produced brown pigment 
+ 
and were A as assessed ~y colony morphology. Dissection of the 
injection site revealed extensive haemmorrhaging and necrotic liquefaction 
of the underlying musculature. Examination of smears taken from the 
necrotic contents of the site showed infiltration by leucocytes (Plate 16). 
Polymorphonuclear cells were evident as intact cells and in various 
stages of disintegration. Monocytes, with the morphologically 
characteristic horseshoe-shaped nucleus, were observed, some with 
bacteria contained within phagocytic vacuoles. Bacteria were often seen 
as extracellular microcolonies. 
Dissection of the body cavity of injected fish did not reveal any 
marked changes in body organs, although the peritoneum contained pale 
red fluid. 
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Plate 16. Giemsa-stained smear of material from the injection site of 
trout injected intramuscularly with A. salmonicida strain CM30 
Smear contains microcolony of bacteria (m), monocytes (mn), 
disintegrating phagocytes (d), erythrocytes (e) and polymorphonuclear 
leucocytes (p). 
Occasionally monocytes were seen containing bacteria (b), often within 
discrete vacuoles (arrowed on insert). 
X 1,475 
Bar = 10 ~m 
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Samples taken from the kidney and streaked onto TSA produced brown 
pigment-producing colonies with characteristic A+ morphology (2.2.15). 
Preparations were examined bacteriologically for qualitative 
assessme·nt of the presence of A. salmonicida. Blood samples and lysed 
adherent cells from kidney and spleen preparations yielded pigment-
' + producing colonies. with morphology typical of A bacteria. 
5.4.2 Injection of.killed"A. salmonicida 
A+(449) and A (449/3) strains of·A. salmonicida were formalin-
killed and fluorescein-labelled prior to injection intramuscularly into 
8 trout. One fish received an equivalent volume of PBS as a control 
(2.16.2). 
The fluorescein-labelled strain 449 retained its autoagglutinating 
properties in PBS, indicating that the A-protein was not affected by the 
labelling procedure. 
At intervals up to 7 days after injection, blood samples were taken 
and fish killed to obtain various cell populations. Preparations were 
viewed using a fluorescence microscope and cells examined for evidence 
of intracellular bacteria. When bacteria were identified in injection 
site smears, they appeared as accumulations of highly'fluorescent cells. 
Trout cell preparations showed · a general backgrpund fluorescence 
attributable to lipids, with defined spots of fluorescence within cells 
taken as indicative of intracellular A. ·salmonicida. Observations were 
confirmed by an independent observer who had no prior knowledge of the 
sample descriptions. 
Smears taken from injection sites showed distinct localization of 
the inocula at day 1 (Table 24). Bacteria were absent from this site by 
day 2 - 4 in four fish, although some organisms were still evident in two 
fish at day 7. No bacteria were observed in cell preparations until 
day 7, when both strains were detected in the crude spleen suspension 
and glass-adherent cells obtained from spleen and kidney tissue after 
Percoll gradient separation. The A strain was not detected as 
frequently as the A+ strain in adherent kidney cells. 
No fluorescence was apparent in samples taken from the control 
fish. 
5.5.0 Antibody titres of sera 
To determine the agglutinating antibody titres of the various 
sera used in this study, A. salmonicida strains 449/3 and CMJ0/3, 
i.e. A strains, and A. hydrophila were suspended in PBS; and the A+ 
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Table 24. Detection of fluorescein-labelled bacteria after intramuscular 
injection of trout with killed A. salmonicida strains 449(A+) 
and 449/3(A-) 
Time post Fish A. salmonicida Blood Kidney SEleen Injection injection ---
(days) number strain A BC A B c A B c site 
1 449 ND ND ND ND ND ND ND 
2 449 + 
1 
6 449/3 + 
8 449/3 ND ND ND ND ND ND ND 
3 449 
4 449 ~m ND ND ND ND ND ND 
2 
5 449/3 
7 449/3 ND ND ND ND ND ND ND 
1 449 
4 
8 449/3 
4 449 + ± ND + + 
7 
7 449/3 ± ± ND + ± 
For blood: A= whole blood, B = leucocytes, C 
prepared from blood buffy coat cells (2.18.1) 
glass-adherent leucocytes 
For kidney and spleen: A = crude suspension, B = white cells, 
C glass-adherent cells obtained after Percoll gradient separation 
+ = Distinct spots of fluorescence within cells 
± Occasional spots of fluorescence 
No fluorescence observed 
ND = Not determined 
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strains 449 and CM30 were suspended in water (2.8.5). Sera being tested 
were diluted in the same medium as bacterial suspensions. This protocol 
enabled an approximation of the level of agglutinating antibody against 
A+ strains to be obtained by reducing the degree of A+ bacterial 
autoagglutination. The specific antibody titres are shown in Table 25. 
Normal trout sera were generally devoid of antibodies capable of 
agglutinating any of the Aeromonas species tested, although the sample 
taken from one fish contained a very low level of antibody against 
strain 449/3. 
Of the two fish used to raise specific anti-449 antisera, one 
appeared to possess low levels of anti-449 agglutinins prior to 
vaccination. Since this serum did not agglutinate any other 
A. salmonicida, and was absent Ln the post primary inoculation sample, 
it was considered a false result, highlighting the difficulty- in 
assessing low levels of antibodies to A+ bacteria. 
Trout serum was initially devoid of anti~A. salmonicida antibodies. 
However, when tested after the primary inoculation, antibody production 
against the A strain 449/3 had begun. After the secondary inoculation 
high levels of antibodies to A- bacteria were evident, with agglutination 
+ 
of A strains by undiluted serum and slight agglutination of A. hydrophila. 
Serum obtained from one fish 7 weeks after the secondary inoculation had 
a greatly elevated anti-449/3 titre, although the anti-449 titre had 
fallen slightly. 
Carp and dogfish sera contained no detectable agglutinating 
antibody against A. salmonicida. 
Normal mammalian sera did not generally contain antibodies against 
A. salmonicida, although the human plasma appeared to contain a very low 
anti-449/3 agglutinating titre. The human plasma and rabbit sera 
possessed low levels of A. hydiophila agglutinating antibody. 
Antiserum raised in the rabbit contained antibodies capable of 
agglutinating all strains of A. salmonicida, although the titres of 
antibodies against A- bacteria were higher than anti-A+ titres (greater 
than two-fold difference). The serum from the rabbit before and after 
immunization with strain 449 contained low levels of anti-A. hydrophila 
agglutinating antibody. Serum obtained from rats immunized with strains 
449 and CM30 produced agglutinating titres similar to those obtained from 
the rabbit. Again, agglutinating antibody titres against A - strains were 
higher than against + strains. A 
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Table 25. Agglutinating antibody titres ( reciprocal of dilution) of sera 
used in this project 
Strain 
Serum 449 449/3 CM30 CM30/3 A. hydroEhila 
Trout* ND ND ND ND 
ND ND ND ND 
1 
Immunized (449) 
Fish 1 Pre 1° inoculation 1 
Post 10 inoculation 2 2 
Post 20 inoculation 1 512 1 512 2 
Fish 2 Pre 1° inoculation 
.Post 10 inoculation 1 
Post 20 inoculation 1 1,024 1 1,024 1 
7 weeks post 
2° inoculation 1 16,384 ND ND ND 
CarE ND ND ND 
Dogfish ND ND ND 
Foetal Calf ND ND ND 
Human (ORh+ve piasma) 1 2 
---
Mouse ND 
Rabbit 1 
Immunized (strain 449) 8 32 16 32 2 
Rabbit 
Rat 
Immunized (Strain 449) 4 32 4 32 
Rat 
Immunized ( Strain CM30) 4 32 8 32 
Rat 
* Samples from individual fish 
No agglutination 
ND = Not determined 
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Antisera did not exhibit any strain specificity since although they 
were generally raised against strain 449, agglutination of both A+ and A 
strains occurred. 
5.6.0 Association of A. salmonicida with rainbow trout phagocytes 
5.6.1 Association of A. salmonicida with adherent phagocytes 
The association of strains 449 and 449/3 with adherent cells 
obtained from crude kidney and spleen cell preparations and adherent 
buffy coat cells from rainbow trout was quantified (2.18.1). Values 
are recorded in Table 26 as the percentage of cells with associated 
bacteria, rather than number of bacteria per cell, because strain 449 
tended to associate with cells in clumps, making exact enumeration 
impossible. 
With cells obtained from all three sources, the A+ strain 
associated to a grea~er extent than the A- strain, the maximum difference 
being with adherent cells from the kidney. At all times a comparison 
+ 
of A and A association with cells from kidney and spleen showed£ < 0.01, 
indicating that differences were highly significant. With blood cells, 
differences were significant (p < 0.05) only at 20 min. 
More cells adhered to glass coverslips from the kidney than from 
the spleen suspension. The lowest number of adherent cells was obtained 
from the blood buffy coat layer. However, assessment of the phagocytic 
activity (the proportion of cells viewed with associated bacteria) showed 
adherent cells from blood to be more phagocytic than those from the 
spleen, with kidney cells being the least active. 
5.6.2 Association of yeast with kidney macrophages 
The association of fluorescein-labelled yeast cells, before and 
after serum treatment, with trout kidney macrophages was investigated. 
Assays were conducted at 21°C and 6°C and the effect of cytochalasin B 
was observed. Using a dye quenching method (2.18.2), intra- and extra-
cellular yeast cells could be distinguished. The numbers of yeast cells 
associated or internalised was unaffected by temperature or prior 
treatment with serum (Table 27). 
Incubation of the macrophages ~n medium containing 10 ~g/ml 
cytochalasin B caused all the adherent cells to detach and be discarded 
during the washing procedure. 
5.6.3 Association of A. salmonicida with kidney macrophages 
The association of radiolabelled strains 449 and 449/3, suspended 
~n HHBSS, with cultured kidney macrophages was determined at 21°C and 
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Table 26. Association of A. salmonicida strains 449 (A+) and 449/3 (A-) 
with glass adherent trout phagocytes 
Source of Time i. Cells with associated bacteria phagocytes (min) 
Strain 
449 449/3 
--
Kidney 1 
10 17.6 (± 2.7) 6.4 (±2.2) 
20 40.6 (± 3.9) 9.0 ( ±2.3) 
30 67.5 (± 3.3) 35.8 (±3. 2) 
40 ND 26.2 (±2. 4) 
Spleen 2 
10 47.5 (± 3.5) 53.7 (±6. 9) 
20 57.4 (± 4.6) 39.9 (± 3. 8) 
30 86.1 ( ± 3. 7) 69.5 (±4. 3) 
40 84.9 (± 3.0) 78.2 (±3.5) 
Blood 3 
--
10 63.9 (±11.6) 59.4 (±7.8) 
20 78.7 (± 5.8) 59.2 (±7.9) 
.. 1 5 7 f /' Bacter1al 1nocu um was x 10 c .. u. d1sh. 
1. Obtained from single cell suspension ( 2. 18. 1). Number of 
adherent cells = 840/mm 2 
2. Obtained from single cell suspension (2.18.1). Number of 
adherent 2 cells = 200/mm • 
3. - Obtained from buffy coat layer (2.18.1). Number of 
adherent cells = 75/mm2. 
Values are the means (±SE) from 30 fields of view. 
ND Not determined. 
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Table 27. Effect of temperature and serum treatment on the association 
of fluorescein-labelled yeast cells with trout kidney 
macrophages 
Temperature Serum No. of yeast cells per macrophage 2 
(oC) 1 treatment 
Associated Internalised 
21 5.9 (±0.3) 3.4 (±0.2) 
21 + 4.5 (±0. 3) 3.3 (±0. 2) 
6 4.6 (±0.3) 3.3 (±0. 2) 
1 Yeast cells were incubated with normal trout serum (2.18.2). 
+ = incubated; not incubated. 
2 Associated and internalised yeast cells were distinguished using 
a dye quenching method (2.18.2). 
Yeast:macrophage ratio was approximately 1000:1. 
Values are the means (±SE) of at least SO fields of v~ew. 
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5°C, in glass tissue culture tubes (2.18.3). From an initial 1 ml 
6 
suspension of 5 x 10 cells, approximately 20% adhered and spread. 
Therefore the ratio of bacteria to macrophages was approximately 25:1 
in all experiments. Due to the exact quantity of adherent macrophages 
obtained from each individual fish not being equal, four assays were 
performed (Fig. 32)• The overall trends of association were similar, 
although quantitatively slight variations were apparent. 
+ Both the A and A 
a greater extent at 21°C 
strains associated with cultured macrophages to 
than at S°C. Also., the A+ strain showed a 
greater association compared with its A derivative at both temperatures, 
the difference generally being more pronounced at the higher temperature. 
Control assays involving tubes without macrophage cultures resulted 
in the following association values (percentage of original inoculum): 
strain 449 at 21°C, 6.9%; strain 449 at S°C, 4.2%; strain 449/3 at 21°C, 
6.9%; strain 449/3 at S°C, 4.8%. 
The characteristic spread morphology of these macrophages and 
interactions with A. salmonicida are shown in Plates 17, 18 & 19. 
Cultured cells were challenged with bacteria in HHBSS and the greater 
+ 
association by the A strain was clearly seen. 
5.6.4 Effect of treatment of A. salmonicida with trout serum on 
association with macrophages 
Glass tube cultures of trout kidney macrophages were challenged 
with strains 449 and 449/3 which had been preincubated in various trout 
sera (2.17.1). Results are shown in Table 28. A+ bacteria that had been 
preincubated in normal trout serum showed an increase in association 
compared with the untreated sample. The A+ strain that had been 
preincubated in heat-treated normal trout serum showed a slight decrease 
in association compared with the untreated control. When treated with 
serum from immunized fish a marked decrease in association was observed. 
Pretreatment of the A strain with normal and immunized fish serum 
resulted in an increase in association compared with the untreated sample. 
Incubation in serum from immunized fish produced maximal association, 
normal serum resulted in a marked increase but heat-treated normal serum 
had no effect on association. 
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Fig. 32. The association of radiolabelled A. salmonicida strains 449(A+) and 449/3(A-) with trout kidney macrophages 
7 Inoculum was 2 x 10 c.f.u./tube. Bacteria:macrophage ratio·= 20:1 
e--e = Strain 449, 21°C; o-o = Strain 449, 5°C; ___. = Strain 449/3, 21°C; o--o = Strain 449/3, 5°C 
%Inoculum associated is the radioactivity of associated bacteria expressed as a percentage of the radioactivity of 
the inoculum. Points are the means of duplicate determinations. 
Fish number 2 3 4 
30 90 30 60 90 
Time ( min) 
Plate 17. Scanning electron micrographs showing phagocytosis of 
A. salmonicida strain 449 by trout kidney macrophages 
a) x 9,080. 65° tilt. 
&r = 5 um 
Arrow indicates a large number of ingested organisms. 
b) X 8,350. 65° tilt. 
Bar. 5 um 
Note characteristic spread morphology. 
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Plate 18. Scanning electron micrograph showing phagocytosis of 
A. salmonicida strain 449/3 by trout kidney macrophages 
X 3,700, 65° tilt, 
Bar 5 ~m. 
Arrow indicates ingested organisms. 
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Plate 19. Light micrographs of trout kidney macrophages phagocytosing 
A. salmonicida (Giemsa-stained) 
Note characteristic spread morphology of these cells and the containment 
of bacteria within vacuoles (arrowed). 
a) Phagocytosing strain 449 
m = melanin granules 
X 1,475 
Bar = 10 ~m 
b) Phagocytosing strain 449/3, at the same challenge density as (a). 
Fewer bacteria are cell-associated than with strain 449. 
X 1,475 
Bar 10 ~m 
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Table 28. Effect of serum treatment on the association of A. salmonicida 
strains 449(A+) and 449/~A-) with trout macrophages 
Strain1 % Inoculum associated with macrophages 2 
Control Normal Heat-treated Immune 
(HHBSS) trout normal trout 
serum trout serum serum 
449 10.6 ± 1.0 13.3 ± 0.6 9.1 ± 0.4 7.4 ± 1.3 
449/3 2.2 ± 0.4 3.8 ± 0.1 2.6 ± 0.1 8.4 ± 0.9 
1 Bacterial inoculum was 107 c.f.u./tube. Bacteria:macrophage 
ratio was approximately 25:1. Bacteria were incubated with 
macrophages for 60 min. 
2 % Inoculum associated is the radioactivity of associated bacteria 
expressed as a percentage of the radioactivity of the inoculum. 
For antibody titres see Table 25, page[~6~. 
Values are the means (±SE) of 3 determinations. 
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5.7.0 Investigation of the'possible 1n vitro killing of A. salmonicida 
by rainbow trout p hagocytes 
5.7.1 Survival of A. salmonicida associated with blood leucocytes 
Three experiments were conducted to assess the survival of 
A. salmonicida associated with blood leucocytes by determining the viable 
counts of systems in which the trout cells were challenged with bacterial 
strains under static and shaking conditions, prior to phagocyte isolation 
by adhesion to tissue culture wells (2.18.4). 
The results (Table 29) indicate that neither the A+ strain CM30. 
nor the A strain CM30/3 were killed within 6 h after initial contact 
b b · d 1 F b h · rnol. · f · h etween acter1a an eucocytes. or ot stra1ns,As1gn1 1cant c ange 
in viable counts occurred up to 2 h; however, from 3 h to 6 h viable 
counts tended to increase. 
5.7.2 Survival of A. salmonicida associated with adherent kidney 
macrophages 
Adherent kidney macrophages were challenged with bacteria 1n a 
microtitre tray assay (2.18.5) and when cultured in glass tubes (2.18.6). 
The results from a series of experiments are shown 1n Tables 30 and 
31. No decrease in viable counts of the A+ or A strain of A. salmonicida 
occurred in any system. Marked adhesion of bacteria to the tissue culture 
vessels occurred, particularly by strain 449/3 which adhered to empty 
'control' microtitre tray wells to an equal degree as to macrophage 
cultures. 
Although the viable counts remained constant in culture vessels 
up to 5 h, significant bacterial growth was evident between 6 h and 12 h. 
5. 7.3 Survival of A. salmonicida associated with kidney macrophages in 
suspension under shaken conditions 
Strain 449/3 was incubated with kidney macrophages under shaken 
conditions and viable counts of the culture supernatant and pelleted cells 
determined (2.18.7) in order to assess the fate of cell-associated and 
unattached bacteria. 
The results shown 1n Table 32 indicate that, in the supernatant 
and cell-associated fractions, viability remained constant throughout 
the experiment. After 3 h shaking, the total number of macrophages had 
decreased by half and trypan blue staining revealed that more thari 90% 
of the cells were dead. 
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Table 29. Survival of A. salmonicida strains CM30(A+) and CM30/3(A-) 
associated with trout leucocytes 
Time (h) No. of c.f.u. per well 
Strain CM30 Strain CM30/3 
Static Shaken Static Shaken 
0 1. lxlO 4 2.4xl0 5 1. Oxl06 2.4xl0 4 l.lxlO 5 9.2xl0 
1 3.5xl0 3 L lxlO 5 1. 3xl0 6 1.4xl0 4 1. 2xl0 5 5.5xl0 
2 1. 4xl0 4 2.6xl0 5 9.5xl0 5 2.6xl0 4 1. 3xl0 5 l.OxlO 
3 2.4xl0 4 1. 6xl0 5 2.4xl0 6 3.lxl0 4 1. 3xl0 5 2.lxl0 
4 1.4xl0 4 3. 9xl0 6 4.5xl0 4 2.2xl0 
5 3.7xl0 6 2.0xl0 
6 5.7xl0 5 . 5 4. lxlO 
Static leucocytes challenged with bacteria under static 
conditions. 
Shaking - leucocytes challenged with bacteria under shaking 
conditions. 
Bacteria:leucocyte ratio was approximately 10:1 
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Table 30. Survival of A. salmonicida strains 449(A+) and 449/3(A-) 
associated with adherent kidney macrophages (microtitre 
tray assay) 
Time (h) No. of c.f.u. per well 
Strain 449 Strain 449/3 
* 
+ 
* 
+ 
0 4.4 X 105 1.2x 105 1.9x 105 1. 2 X 105 
(5. 3 X 104) (1. 3 X 105) 
0.5 2.3 X 105 1.0 X 105 1. 9 X 105 5.0 X 104 
(1. 7 X 104) (7. 2 X 104 ) 
1 2.4 X 105 _1. 2 X 105 1.8x 105 1.1 X 105 
(3.5 X 104) (2. 3 X 105 ) 
2 3.0 X 105 1.8x 105 
3 3.7 X 105 1.4x 105 2.5 X 105 5.4 X 104 
(1.1 X 105) (1. 8 X 105) 
3.5 4.0 X 105 2.3 X 105 
Challenge bacteria:macrophage ratio was approximately 5:1 
* macrophage culture washed 3 times after bacterial challenge 
+ macrophage cultures washed 5 times after bacterial challenge 
() - 'control' wells not containing macrophages 
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Table 31. Survival of A. salmonicida strains 449-(A+) and 449/3(A-) 
associated ·with adherent_ kidney macrophages (glass tissue 
culture tube assay) 
Time (h) No. of c.f.u. per tube 
Strain 449 Strain 449/3 
0 5.4 X 105 2.3 X 104 2. 1 X 104 
1 2.7 X 105 7.7 X 104 
3 4.1 X 105 2. 1 X 105 6.6 X 104 
4 5.3 X 105 
5 5.9 X 105 
6 1.8 X 106 3.1 X 105 
12 1.1 X 107 3.2 X 106 
Challenge bacteria:macrophage ratio was approximately 
10:1. 
The two sets of data relating to strain 449 were obtained 
from different macrophage cultures. 
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Table 32. Survival of A. salmonicida strain 449/3(A-) with non-adherent 
kidney macrophages in suspension under shaken conditions 
Time (h) Viable counts - c.f.u./ml 
SuEernatant Pellet 
0 1.2 X 107 1.6x 106 
1 8.9 X 106 1.1 X 106 
2 1.0 X 107 3.3 X 106 
3 .1.2 .X 107 6.8 X 106 
No. of macrophages/ml 
Bacteria:macrophage ratio = 10:1 
Table 33. Effect of serum treatment on the survival of A. salmonicida 
strain 449/3(A-) associated with kidney macrophages 
Time (h) Viable counts - c. f.u. per tube 
Untreated Treated 
0 2.3 X 105 1. 3 X 104 
1 3.6 X 104 3.4 X 104 
2 6.4 X 104 2.9 X 104 
3 9.8 X 104 2.9 X 104 
7 3.3 X 105 1.2 X 105 
No. of macrophages/tube 106 
Bacteria:macrophage ratio initially 10:1 
Bacteria were incubated in normal trout serum 
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5.7.4 Effect of serum treatment on the survival of A. salmonicida 
associated with kidney macrophages 
Strain 449/3 was incubated in normal trout serum (2.17.1) and 
compared with untreated bacteria in a challenge of tissue culture tube 
macrophage cultures (2.18.8). Serum treatment did not influence the 
outcome of interaction with macrophages (Table 33) and no decrease in 
viable counts was found. 
5.8.0 Investigation of the interactions between A. salmonicida and 
phagocytes using chemiluminescence assays 
Chemiluminescence (CL) measurement is a technique used widely to 
quantify processes involved in phagocytosis, since it gives an immediate 
indication of the activity of freshly isolated cells. 
Phagocytes from various animal species were assayed for their CL 
response to A. salmonicida. Initially, mammalian phagocytes were 
investigated in order to become familiar with the technique, because their 
chemiluminescence response is well documented. Subsequently trout 
phagocytes were used. Because it had been shown that serum influenced 
the interactions between A. salmonicida and phagocytes, incubation of 
bacteria with serum prior to assays is hereafter termed "opsonization" 
(see Discussion, 5.10.0). 
5.8.1 Chemiluminescence response of mouse peritoneal macrophages 
Very low CL responses were elicited when mouse peritoneal 
macrophages were challenged with A. salmonicida (2.19.1) and investigations 
using this species of phagocyte were abandoned. 
5.8.2 Chemiluminescence response of human polymorphonuclear leucocytes 
(PMN) 
Human PMN preparations were obtained by sedimentation of whole 
blood through dextran (2.10 . 2) . The results of assays involving 
unopsoni zed and opsonized (by preincubation in normal human serum) 
A. salmonicida are shown in Fig. 33. 
Opsonized bac t eria induced a greater CL response than unopsonized 
bacteria. Unopsonized strain 449(A+) induced a gradual increase in CL 
after approximately 10 m1n. This was accelerated in magnitude and time 
with opsoni zed bacteria. Although strain 449/3(A-) gave a very similar 
result to strain 449 when unopsoni zed, the CL r esponse with opsonized 
strain 449/3 was much gr ea ter than with the opsonized strain 449 . 
When unopsonized, strain CM30/3 induced a greater r esponse than 
strain CM30. Opsonized strain CM30/3 induced a virtually immediate CL 
response of high magnitude. 
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Fig. 33. Chemiluminescence response of human polymorphonuclear leucocytes to A. salmonicida 
Bacteria '..re re opsonized with normal human serum ( 2. 17. 1). 
a: Strain 449, unopsonized; b: Strain 449, opsonized; c: Strain 449/3, unopsonized; d: Strain 449/3 , 
opsonized; e: Strain CM30, unopsonized; f : Strain CM30/3, unopsonized; g: Strain CM30/3, opsonized. 
Number of polymorphonuclear leucocytes = 6 x 105/ml of assay. Bacteria :leucocyte ratio= 20:1. 
Traces are the means of single assays. 
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5.8.3 Preliminary studies of the chemiluminescence response of rainbow 
trout phagocytes 
In order to study the CL response of various trout phagocytes, cell 
populations were separated using Lymphoprep to obtain blood leucocytes, 
spleen and kidney macrophages (2.10.5). 
Because a high yield of cells ( approximately 108 per fish) was 
obtainable from the kidney, this population was investigated initially. 
Preliminary experiments involved opsonized zymosan as the phagocytic 
particle to determine if trout kidney phagocytes produced a CL response 
( 2.19 . 3) . 
Kidney macrophage suspensions elicited a good CL response, although 
it was noted in this and subsequent assays that the CL response using 
cells from different fish varied in magnitude. 
The effect of various zymo san concentrations on the CL response is 
shown in Fig. 34. The response increased with zymosan concentration, to 
a maximum with the undiluted preparation. 
Since a CL response was detectable in this system, investigations 
using A. salmonicida as the challenge particle were conducted. 
5.8 . 4 Chemiluminescence response to A. salmonicida 
5.8.5 Trout blood leucocytes 
The CL response of blood leucocytes to strains 449 and 449/3 is 
shown in Fig. 35. Strain 449 produced a peak response at approximately 
3 min which, after declining, began to rise at 10 min. 449/3 produced a 
very small response which was magnified by opsonization with normal trout 
serum, but not to a level similar to strain 449 . The response to strain 
449/3 appeared biphasic, with an initial peak after 1 min followed by a 
sharp decline and then a gradual increase. 
5.8.6 Chemiluminescence response of spleen and kidney macrophages 
No CL response by spleen cells in any investiga tion was obtained. 
The CL response of a kidney macrophage preparation is shown in 
Fig . 36 . In this experiment, the effects of bacterial concentration and 
opsonization were studied. With undiluted, unopsoni zed strain 449, the 
CL response was biphasic, with an initial peak at 4.5 min. This biphasic 
response was abolished, and the overall response decreased, with dilution. 
Opsonization of strain 449 resulted in a delayed CL response compared with 
that of unopsonized str ain 44~ 
higher after 15 min. 
The overall response, hm·Jever, was 
Since opsonization with trout serum influenced the CL response of 
trout kidney macrophages, the effects of other sera were also studied . 
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Fig. 34. Effect of concentration of opsonized zymosan on the 
chemiluminescence response of trout kidney macrophages 
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Each trace is the result of single assay. 
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The number of each trace 1s the volum~[of opson1zed zymosan 1n a total 
of 0. 5 ml PBS . 
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Fig. 35. The chemiluminescence response of trout blood leucocytes to 
A. salmonicida strains 44~A+) and 449/3(A-) 
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6 Leucocyte suspension was 10 /ml of assay. 
Bacteria:leucocyte ratio 
a: unopsoni zed strain 449 . 
b: unopsoni zed strain 449/3. 
500:1. 
c : strain 449/3 , opsonized with normal trout serum. 
For antibody titre see Table 25 , pagef l62. 
Traces are calculated and plotted from duplicate assays. 
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Fig. 36. Chemiluminescence response of trout kidney macrophages to 
+ -A. salmonicida strains 449(A) and 449/XA) 
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a : Strain 449, undiluted 
b: Strain 449, diluted x2 
c: Strain 449, diluted x4 
d: Strain 449, opsonized (normal trout serum) 
e: Strain 449/3, undiluted 
f: Strain 449/3, opsonized (normal trout serum) 
Kidney macrophage suspension was 3 x 106 cells/ml of assay . 
8 Undiluted bacterial suspensions were 5 x 10 c . f.u./ml of assay. 
Traces are calculated and plotted from duplicate or triplicate assays. 
For antibody titre see Table 25, page 162. 
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5.8.7 The effect of opsonization with rabbit sera on the chemiluminescence 
response of trout kidney macrophages 
The results of assays using cells from 3 different fish are shown 
~n Fig. 37. Although the absolute CL responses of macrophages from 
individual fish varied, the trends were constant. 
Unopsonized strain 449 induced a greater CL response than 
unopsonized strain 449/3. However, this response was completely abolished 
when strain 449 was opsonized by any of the rabbit sera used. 
Opsonization of strain 449/3 by heat-treated normal rabbit serum markedly 
increased the CL response to a definite peak. Opsonization of this strain 
with other rabbit sera had very little effect on the CL response , although 
a small decrease occurred with phagocytes from one fish. 
When PBS was substituted for bacteria, as a control, a negligible 
CL response occurred. 
5.8.8 The effect of opsonization with rat sera on the chemiluminescence 
response of trout kidney macrophages 
From the results shown in Fig. 38, it was found that opsonization 
of A+ strains of A. salmonicida (strain 449 or CM30) with sera from 
normal or immunized r ats abolished the CL response to unopsoni zed bacteria. 
The CL response to strain 449/3(A-) was very low, and not affected by 
opsonization with either serum. 
5.8.9 The effect of opsonization with trout sera on the chemiluminescence 
response of trout phagocytes 
The responses of kidney macrophages from 3 fish are shown in Fig. 39. 
In all assays, unopsonized strain 449 induced a greater response than 
unopsonized strain 449/3 . With two cell preparations (Fig. 39, 1 & 2, 
a- e), opsonization of strain 449 by all sera had no effect on the CL 
response. With phagocytes from one fish, opsonization of strain 449/3 
resulted in an elevated response, twice that of strain 449 in any state 
(Fig . 39, 1, h- k). 
With another preparation, challenge of macrophages with strain 
449/3 opsonized with normal trout serum elicited a response of equal 
magnitude to strain 449 (Fig 39, 2 , curve h), although serum from 
immunized trout resulted in a lesser increase (j & k) and bacteria 
opsonized with heat- treated normal serum induced a response equal _to 
unopsonized organisms (i). In the third fish sample the biphasic response 
observed with unopsonized strain 449 (Fig . 39, 3a) was reduced by half 
after opsonization (b-e) . However, bacteria opsonized with normal 
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Fig. 37. The effect of opsonization with rabbit sera on the 
chemiluminescence response of trout kidney macrophages to 
A. salmonicida strains 449(A+) & 449/3(A-) 
5 1 s 2 
s 
5 3 s 3 
8 
Traces are calculated and plotted from duplicate or triplicate assays. 
Macropgage suspensions were 3 x 106 cells/ml of assay and bacteria 
5 x 10 c.f.u./ml of assay. 
1, 2 & 3 = assays using macrophages from individual fish. 
h 
a : Strain 449,unopsonized; b: Strain 449,opsonized with normal rabbit serum; 
c: Strain 449,opsonized with heat-treated normal rabbit serum; d: Strain 449~ 
opsonized with immunized rabbit serum; e: Strain 449,opsonized with heat-
treated immunized rabbit serum; f: Strain 449/3,unopsonized; g: Strain 449/3, 
opsoni zed with normal rabbit serum; h: Strain 449/3,opsonized with heat-
treated normal rabbit serum; i: Strain 449/3,opsonized with immunized rabbit 
serum; j: Strain 449/3,opsonized with heat-treated immunized rabbit serum; 
k: PBS control. 
For antibody titres see Table 25 , page 162. 
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Fi g. 38. Chemi luminescence r esponse of t rout k idney macr ophages to 
A. salmoni cida opsonized with r at sera 
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Traces are calculated and plotted from duplicate determinations . 
Macrophage suspensions were 3 x 106 cells/ml of assay and bacteria 
8 5 x 10 c . f.u./ml of assay. 
a: Strain 449, unopsonized 
b: Strain 449, opsonized with normal rat serum 
c: Strain 449, opsonized with ~mmune rat serum 
d: Strain 449/3, unopsonized 
e: Strain 449/3, opsonized with normal rat serum 
f : Strain 449/3, opsonized with immune rat serum 
g: Strain CM30, unopsonized 
h : Strain CM30, opsonized with normal rat serum 
For antibody titres see Table 25, page 1~2 / . 
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Fig. 39 (overleaf) 
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trout serum still induced a biphasic response. Again, opsonization of 
strain 449/3 resulted in an increased CL response, maximally with sera 
from normal and immunized trout (h & j) and less so with heat-treated 
sera (i & k). 
When bacteria were heat-killed, a much reduced CL response occurred. 
When macrophage samples were examined by transmission electron 
microscopy (Plate 20) , it was apparent that the macrophage population 
was pure and that the majority of bacteria were extracellular. 
Occasionally phagocytosis was evident, with bacteria that had formerly 
been attached to the cell seen enclosed in discrete vacuoles. 
Preparations from assays involving A+ and A strains, showed no 
detectable difference in the extent to which phagocytosis had occurred. 
The CL response of trout blood leucocytes is shown in Fig. 40. 
The maxunum CL response was induced by unopsonized strain 449. This was 
halved when bacteria were opsonized with normal serum. The response to 
unopsonized strain 449/3 was approximately five-fold lower than that to 
unopsonized strain 449, although the peak responses induced by both 
strains opsonized with normal serum were similar. 
5.8.10 The chemiluminescence response of kidney macrophages from trout 
injected with Freund's complete adjuvant 
In order to assess the potential influence of activation of the 
cell-mediated arm of the immune response, trout were injected with 
Freund's complete adjuvant (FCA) two weeks before macrophage isolation 
(2.10.5). 
The CL responses of kidney macrophages pooled from two fish are 
shown in Fig. 39, FCA. The response to unopsonized strain 449 peaked 
earlier and was greater overall than that with unopsonized strain 449/3. 
Opsonization of strain 449 by all sera except normal trout serum, 
dramatically reduced the CL response. The response to strain 449 
opsonized with normal serum was slower than that with unopsonized 
bacteria, although the final magnitudes were identical. The only serum 
to affect the CL response to strain 449/3 was that from normal trout , 
which resulted in opsoni zed bacteria inducing a response of similar 
magnitude to unopsonized strain 449. 
No apparent differences in the CL response between kidney 
macrophages isolated from FCA-injected fish and 'normal' cell 
preparations were discernible . Overall trends were similar and 
quantitative comparisons were not possible due to the inherent 
variability in the CL response of ce lls isolated from different fish. 
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Plate 20. Transmission electron micrographs of trout kidney macrophages 
and unopsonized A. salmonicida strain 449, taken from a 
chemiluminescence assay 
a) Low power showing the general feature of many extracellular 
bacteria, some in contact with macrophages. 
x 6,300. Bar = 1 ~m. 
b) Kidney macrophage showing the characteristic 'horse-shoe' shaped 
nucleus (N) and adherent bacteria (B). 
x 7,800 . Bar= 1 ~m . 
c) Macrophage engulfing a bacterium, showing the formation of a 
pseudopodium (P) and bacterial adhesion to the cell . 
x 11,000. Bar = 1 ~m. 
~) Macrophage containing a phagocytosed bacterium within a 
vacuole (V) and in the process of ingesting another organism. 
x 11,000. Bar = 1 ~m. 
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Fig. 40. The effect of opsonization with trout sera on the chemiluminescence 
respo~se of trout blood leucocytes to A. salmonicida strains 
449(A) and 449/3(A-) 
50 
5 10 
Time (min) 
5 Leucocyte suspension was 2 x 10 cells/ml of assay and bacteria 
8 5 x 10 c .f.u./ml of assay. 
a : Strain 449, unopsonized; b: Strain 449, opsonized with normal 
trout serum; c: Strain 449/3, unopsoni zed; d: Strain 449/3, 
opsonized with normal trout serum; e: Strain 449/3, opsonized with 
immunized trout serum. 
~ 
For antibody t itres see Table 25, page 162. 
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5.9.0 The Effect of Serum on Cell Surface Properties of A. salmonicida 
The results of CL assays indicated that treatment of bacteria with 
various sera influenced the interactions between particles and phagocytes. 
Reactions between microorganisms and cells involved in the Druffiune response 
are influenced by specific antigen-antibody interactions and by general 
surface hydrophobicity. In order to further investigate the latter in 
particular, it was decided to examine the effect of opsonization on 
agglutination reactions and cell surface hydrophobicity of A. salmonicida. 
5.9.1 The effect of opsonization on agglutination reactions of 
A. salmonicida 
The effect of opsonization (2.17.1) of strain 449 with mammalian 
sera is shown in Plate 2la. Autoagglutination in PBS, characteristic of 
this strain, was abolished by pre-incubation in all sera except those 
from the immunized rabbit and rat. With sera from immunized animals, 
aggregates larger than autoagglutination clumps were formed. Slight 
agglutination was still evident with strain 449 opsonized with normal 
rabbit serum. 
The results of opsonization of strain 449/3 by the mammalian sera 
are shown in Plate 2lb . Slight agglutination was produced by preincubation 
in normal rabbit serum and heat-treated normal rabbit serum. Large 
aggregates were formed when this strain was preincubated in serum from 
the immunized rabbit (before and after heat-treatment) and the immunized 
rat. 
The effect of preincubation of strain 449 in trout sera is shown 
Ln Plate 22a. Autoagglutination in PBS was evident after treatment with 
all sera. In addition large agg regates were formed when the bacteria 
were incubated in serum from immunized fish. Strain 449/3 showed 
agglutination after incubation in normal serum and serum from immunized 
trout (before and after heat-treatment) (P l ate 22b). 
Preincubation of A. salmonicida with other sera and proteins 
(250 mg/ml) was investigated (2 .17.0 ) . After treatment with normal carp 
and dogfish serum, strain 449 appeared as large aggregates . After 
preincubation with foetal calf serum and bovine albumin, autoagglut ination 
identical to that observed with untreated bacteria was observed . A 
reduction Ln autoagglutination occurred when strain 449 had been 
preincubated in egg albumin. 
No agglutination of strain 449/3 was evident after incubation with 
any additional fish/animal sera or albumin solutions, although a very 
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Plate 21. The effect of opsonization of A. salmonicida with mannnalian 
sera on agglutination reactions in PBS. 
a) Strain 449 
b) Strain 449/3 
Serum source (for antibody titres see Table 25) 
a PBS control 
b Normal rabbit 
c Heat-treated normal rabbit 
d Innnunized rabbit 
e Heat-treated innnunized rabbit 
f Normal rat 
g Immunized rat 
h Normal mouse (incubated with bacteria at 21°C) 
i Normal mouse ( incubated with bacteria at 37°C) 
J Normal human ( incubated with bacteria at 21°C) 
k Normal human (incubated with bacteria at 37°C) 
Bacterial density was 1.5 x 109 c.f.u./ml 
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a 
b 
Plate 22. The effect of opsonization of A. salmonicida with trout sera 
on agglutination reactions in PBS 
a) Strain 449 
b) Strain 449/3 
Serum source ( for antibody titres see Table 25) 
a PBS control 
b Normal trout 
c Heat-treated normal trout 
d Immunized trout 
e Heat-treated immunized trout 
Bacterial density was 1.5 x 109 c .f.u. / ml 
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slight amount of bacterial aggregation occurred after pretreatment 1n 
dogfish serum. 
5.9.2 The effect of opsonization on cell surface hydrophobicity of 
A. salmonicida 
Strains 449 and 449/3, after incubation in sera and proteins 
(2 .17. 1) were subjected to phase partitioning with 0.2 ml octane (2.6.2) 
to assess their hydrophobicity. The relative percentage absorbance was 
calculated from the absorbances of the aqueous phases (after partitioning) 
obtained using treated and untreated bacteria. The control value is 
therefore 100%, and a value higher than this indicates that treated 
bacteria partitioned into the aqueous phase more readily, and hence 
are less hydrophobic. Increased hydrophobicity is signified by a value 
of less than 100%. 
The effects of incubating A. salmonicida in mammalian sera are 
shown in Fig. 41. Serum treatment of strain 449 resulted in a decrease 
in surface hydrophobicity compared with untreated bacteria, whereas 
incubation of strain 449/3 in the same sera caused an increase in 
hydrophobicity. 
The effect of opsonization with fish sera and other substances is 
shown in Fig. 42. Treatment of strain 449 with trout sera resulted in 
a decrease in hydrophobicity compared with unopsonized bacteria. In 
contrast, opsonization of strain 449/3 with trout sera resulted in 
i~creased hydrophobicity with normal serum and heat-treated serum from 
immunized trout; no change (with heat-treated normal serum); or a 
decrease (with serum from immunized trout). Opsonization with other fish 
sera, calf serum and egg albumin resulted in increased hydrophobicity of 
strain 449, with a decrease induced only with bovine albumin .. Treatment 
with dogfish serum resulted in increased hydrophobicity of strain 449/3. 
All the other fish sera, calf serum and serum albumins caused a 
decreased hydrophobicity of strain 449/3. 
5.9 . 3 The effect of opsonization with 'adsorbed' rabbit sera on the 
cell surface properties of A. salmonicida 
The observation that incubation with normal mammalian sera 
abolished the ability of A. salmonicida strain 449 to autoagglutinate 
in PBS suggested the existence of serum components which masked the 
hydrophobic properties of this strain. 
'Adsorbed ' sera were obtained by incubating normal rabbit serum 
with strains 449 and 449/3 ( 2. 17.1). After removal of bacteria the 
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Fig. 41. The effect of opsonization with mammalian sera on the cell surface 
hydrophobicity of A. salmonicida strains 449(-) and 449/3(--) 
Bacteria were incubated in the indicated serum prior to suspension in 
PBS (2.17.1). Incubation was at 21°C unless otherwise stated. 
For antibody titres see Table 25, page 162. 
Relative % absorbance = 
absorbance of treated bacteria in aqueous layer(PBS) 
--------------------------------------------------------------- xlOO 
absorbance of control bacteria in aqueous layer 
150 Decreased 
hydrophob1C1ty 
150 t 
140 - ~ 
-
u 
u 0 
0 ,..._ 
u 
,..._ (") 
Q) (") iii N co 1-
- c: u Cl) ::J u Q) E E Q) 
-0 E - Cl) Cl) 
.0 c: .0 ::J 
u u ::J (.) 
Q) u Q) (.) c: 
co Q) co s ~ N ~ u -
-
- ~ - Q) - (ij - Cl) c: 2 Cl) Cl) Cl) ::J N E E E E E ..!. 
Cl) E Cl) - c: '- '- '- '-0 Q) E Q) Cl) ::J 0 0 0 0 c: .c .c E E c: c: c: c: 
130 
120 
110 
- '- E ai a.i c c:" - - - - 0 :0 .0 .0 c: -- f/l f/l Cl) Cl) .0 
- ::J E E .0 .0 .0 .0 -- - ::J Cl) Cl) 11' Cl) Cl) Cl) Cl) 0 0 ::J ::J 
er: 0:1 a: a: a: a: ~ ~ I I 
100 
I I I I I I I I I I I I I I I I I b I I I I I I 
I I I I I I I I 
I I I I I I I I b I I I b I I 
I I b ! I I b I I I 
90 
80 
0 ~ I I ! I I I b 
7 
Increased 60 
hydrophob1c1ty 
196 
Q) 
() 
c: 
CO 
..0 
)...j 
0 
Ill 
..0 
CO 
s-e 
Q) 
:> 
·~ ~ 
<1l 
...... 
Q) 
~ 
Fig. 42. The effect of opsonization with fish sera and other proteins on 
the cell surface hydrophobicity of A. salmonicida strains 449(-) 
and 449/3( --) 
Bacteria were incubated 1n the indicated serum prior to suspension 1n 
P.B.S. (2 .1 7.1). Incubation was at 21°C unless otherwise stated. 
For antibody titres see Table 25, page 1621. 
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resulting sera were used for opsonization. 
Strain 449, after incubation in sera that had been 'adsorbed' with 
either strain 449 or strain 449/3, showed characteristic autoagglutination 
in PBS. No difference in the hydrophobicity (as assessed by phase 
partitionin~ of this strain was apparent after opsonization with either 
serum, compared with unopsonized bacteria. Strain 449/3 was not 
agglutinated by either of the 'adsorbed' sera. 
The abolition of the autoagglutination of strain 449 after 
opsonization with serum was dependent on the concentration of serum, 
with reduced autoagglutination after incubation in serum diluted five-
and ten-fold, and none with undiluted serum. 
5.10.0 Discussion 
The interactions between A. salmonicida and a number of phagocyte 
populations were investigated using assays involving radiolabelled 
bacteria, light microscopy, viable counts and chemiluminescence . 
Initial investigations used mouse peritoneal macrophages as a 
model system, in order to devise a protocol which could be applied to 
the technically more complex system using trout macrophages. + . A bac ter1a 
were found to associate with mouse peritoneal macrophages to a greater 
extent than the A strain when the assay was carried out in tissue culture 
salts solution. Association was found to be temperature dependent, 
maximum values being obtained at 37°C. At this temperature, both 
attachment and phagocytic ingestion could occur, whereas at 0°C only 
attachment was possible (Hed, 1977). However, since attachment had 
been found to be temperature-related (4.2.7), a direct subtraction of 
the 0°C from the 37°C valu~s would not have yielded the exact 
proportion of the bacteria which had been internalised. Even so, at 
0°C, A+ bacteria still adhered mor~ than their A derivatives. 
The incorporation of cytochalasin B into the medium allowed a 
better distinction to be made between attached and ingested bacteria. 
Cytochalasin B inhibits phagocytosis by preventing the assembly and 
gelation of actin (Axline & Reaven, 1974; Hartwig & Stossel, 1976), and 
thus disrupts the microfilament network of the cell (Axline & Reaven, 1974). 
This results in the rounding-up of macrophages (Davis & Allison, 1978; 
Godman & Miranda, 1978), which was found in this study. Also, glucose 
transport across the cell membrane is inhibited (Axline & Reaven, 1974; 
Davis & Allison, 1978) and the synthesis of mucopolysaccharides and 
glycoproteins is depressed ( Sanger & Holtzer, 1972). Thus, the reduction 
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1n association of A. salmonicida with cytochalasin B-treated mouse 
macrophages can be attributed to the inhibition of phagocytosis and, 
probably to a lesser extent, to the reduction in surface area available 
for adhesion. However, adhesion was not totally inhibited, indicating 
that a large proportion of the associated bacteria were not internalised. 
Electron microscopy confirmed that very few bacteria had been ingested. 
When trout macrophages were treated in a similar manner, they detached 
from the substrate. This suggests that the effect of cytochalasin, 
which results in mouse macrophages adhering only at the periphery of the 
cell (Godman & Miranda, 1978), is different i n fish macrophages. 
The effect of opsonization with normal mouse serum was found to be 
dependent on the strain of A. salmonicida used, although the effect of 
temperature on the system was similar to previous assays. Opsonization 
of the A strain 449/3 resulted in increased association with 
macrophages. Such treatment was found to increase the surface 
hydrophobicity of the bacteria without causing agglutin~tion. This 
suggests that immune adherence, induced by activation of the alternative 
pathway of complement fixation by bacterial lipopolysaccharide 
(Roitt, 1977), is probably the main cause of the increase, but that 
greater bacterial hydrophobicity is also involved. Opsonization of the 
A+ strain 449, resulted in decreased association, accompanied by a 
decrease in hydrophobicity and the abolition of characteristi c 
autoagglutination. Thus, the A-layer would seem to have bound some serum 
components, resulting in the reduction of hydrophobic interactions . 
Abolition of aggregate formation would have decreased the settling rate, 
thus reducing encounters between bacteria and macrophages. Therefore, 
opsonization of A+ A. salmonicida by serum was not found to encourage 
phagocytic uptake. 
Using another pair of strains, CM30 and CM30/3, a light microscopical 
+ 
study of mouse macrophage/A. salmonicida interactions showed that the A 
bacteria associated to a greater extent than A organisms. When 
macrophages with bound bacteria were incubated over a 12 h period, the 
number of cell- associated A- bacteria decreased markedly, suggesting that 
phagocytic killing of this strain had occurred. The observation that 
Giemsa stain reactions of the bacteria changed after 8 h indicated that 
some intracellular events had occurred to change the properties of the 
bacterial cell walls. However, when the interaction between mouse 
macrophages and A. salmonicida was studied by the assessment of viable 
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counts, no killing of either A+ or A bacteria was apparent. 
The relevance of this model system was limited by the compromise 
that had to be made between incubation of mouse macrophages at suboptimal 
operating temperatures and exposure of A. salmonicida to the high end of 
its temperature growth range. The mouse model system did, however, indicate 
two overall trends; (i) that A+ A. salmonicida associates with these 
phagocytes to a greater extent than A bacteria and (ii) that the effect 
of opsonization is dependent on the bacterial strain. 
In order to study the interactions between A. salmonicida and host 
macrophages, the routine isolation of a standardized population of 
phagocytes was required. The organs of the fish from which high yields 
of macrophages can be obtained are the anterior kidney (pronephros) and 
the spleen (Bielek , 1980; Ellis, 1977; Ferguson, 1975). Phagocytes could 
be isolated directly from tissue-derived cell suspensions by virtue of 
their adherent ability, or specific populations could be isolated using 
density gradient separation. 
Although phagocytes were easily obtained by allowing cells from 
crude suspensions to adhere to glass, it was difficult to enumerate 
specific cells before adhesion, thus making reproducible isolation 
impossible. In this study, the efficiency of the Percoll gradient 
technique devised by Braun-Nesje ~~· (1981, 1982) was not sufficient 
to offset the complexity of gradient manufacture and processing. 
Instead, a simple Lymphoprep gradient system was devised which removed 
erythrocytes and melanomacrophages to yield a uniform and reproducible 
population of adherent macrophages. Electron microscopy confirmed this 
population to be predominantly comprised of monocytes on morphological 
criteria. It was important that melanomacrophages, abundant in the 
kidney and spleen (Agius, 1980), were removed , since when included in 
preparations the resulting melanin granules made viewing of cells and 
bacteria difficult; the possibility of physical inhibition of bacterial 
contact with phagocytes also arose. The function of melanomacrophages, 
unique to fish, is not fully understood but their involvement in iron 
storage (Agius, 1979) and their increased deposition during starvation 
(Agius & Roberts, 1981) suggests a role in the response to stress. 
Qualitative assessment of the ce llular location of injected live 
and killed A. salmonicida demonstrated bacteria within kidney and spleen 
macrophages, indicating interactions between the pathogen and phagocytes 
~n v~vo. Such results are consistent with the findings that A. salmonicida 
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is readily isolated from the kidney of A. salmonicida infected fish 
(Klontz et al., 1966; McCraw, 1952; McCarthy, 1975; Munn & Trust, 1984) . 
Examination of the cellular events at the site of injection of live 
bacteria revealed extensive necrosis, leucocyte infiltration and bacterial 
multiplication. Klontz et al. (1966) found that this definite focus of 
--
infection persisted for many days, although the initial leucocyte 
response, with macrophage infiltration, decreased after 50 h as the 
disease progressed. These workers also noted an absence of phagocytosis 
of bacteria ~y macrophages. In the present investigation some phagocytosis 
was evident, although the majority of bacteria were extracellular. 
Bucke (1980) observed macrophage activity and microcolonies of bacteria 
when brown trout were injected with A. salmonicida. The splenomegaly 
and liquefaction of kidney and spleen observed by other workers 
(Ferguson & McCarthy, 1978; Klontz ~~·· 1966) were not evident in the 
present study, but such gross pathological changes might have occurred 
if the disease had been allowed to proceed to fatality as in the 
investigations cited . 
The assessment of agglutinating antibodies raised against an A+ 
strain of A. salmonic ida showed cross-reaction between A+ and A strains 
and another member of the genus, A. hydrophila. Sera from fish which 
have been used as controls in ilnmunization studies, and have not 
displayed any signs of A. salmonicida infection, often contain appreciable 
levels of agglutinating antibody against t he bacterium. Munn ~~· (1982) 
found normal trout serum to contain a 1/16 titre and Krantz et al. (1964) 
--
found hatchery trout to have naturally acquired agglutinins with titres 
of 1/32 - 1/64. Palmer & Smith (1980) noted the presence of 'natural ' 
agg lutinins in salmon serum. Normal salmon sera have also been found to 
contain antibody titres ranging from 1/10 - 1/160 against A. salmonicida 
lipopolysaccharide (Paterson & Fryer, 1974) . Ingram (1980) suggested 
that these may have resulted from previous exposure t o the disease or 
contact with human pathogens from sewage which possess antigens cross-
reacting with A. salmonicida. The finding in the present study, that 
anti-A. salmonicida sera cross-reacted to a limited extent with the 
human pathogen A. hydrophila supports this hypothesis. Cross-reactivity 
between A. salmonicida and A. hydrophila has been reported (McCarthy & 
Rawle, 1975). In the present investigation only one samp le of normal 
trout s e rum was found to contain any agglutinating antibody . As this 
was against strain 449/3, an A- bacterium, this indicates that none of 
the fish used had encountered virulent (A+) A. sal monicida . 
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The immunization of animals with an A+ strain of A. salmonicida 
yielded antisera with agglutinating titres similar to those obtained in 
other studies. Bacteria were incorporated in adjuvant, since such 
preparations (in Freund's complete adjuvant or mineral oil) have been 
consistently shown to raise the antibody titre in fish (Krantz ~~· · 1963; 
Krantz ~ ~., 1964; Maisse & Dorson, 1976; Paterson, 1981; Udey & 
Fryer, 1978). In most investigations, titres have been determined against 
non-autoagglutinating A- strains (Krantz et~., 1963; Munn et al., 1982; 
Olivier ~al., 1985). The problem of overcoming autoagglutination, and 
thus obtaining anti-A+ titres has, apart from the present study, only 
been successfully resolved by McCarthy ~al. (1983) who disaggregated 
bacteria by washing with 5 mM 3~N-morpholino)propane sulphonic acid 
buffer. 
Antisera raised in trout and mammals reacted with both A strains 
of A. salmonicida tested to the same degree. However, the titres against 
the A+ strain were considerably lower, indicating that the majority of 
antibodies had been raised against highly antigenic bacterial components 
+ possessed by both A and A bacteria, but exposed to a greater ex tent on 
A strains. McCarthy ~ al. (1983) found that, when rabbit serum raised 
against an A+ strain was adsorbed with its A- derivative, the agglutinating 
+ 
titre against the A strain fell from 1/2048 to 1/64. This serum was still 
protective in passive immunization studies, indicating that the low levels 
of anti-A-layer antibodies were required f or protection against 
furunculosis. The majority of antibody is probably direc ted against LPS, 
which is greatly exposed on A strains and masked to various degrees on 
A+ s trains (Chart~~·· 1984 ; Kay ~al., 1981; Rodgers ~al., 1981). 
The titre of rabbit anti-A. salmonicida serum was similar to tha t 
obtained by Munn ~~· ( 1982) who used purified A-protein as the 
immunoge n and titra ted sera against an A- strain. In addition to a high 
titre agains t A-prote in (1/ 100,000 ) , their s e rum a lso contained an 
apprec i able amount of anti-LPS ac tivity ( 1/1000) . Trust e t al. ( 1982) 
fo und that puri f i ed A-protein, a lthough homogen~us wi t h r espect t o prote in, 
did contain contaminating LPS. + . . Using whole A cell vacc~nes, a t ~tre of 
1/3 , 560 aga i nst A- bacteria wa s ob t ained in coho salmon by Olivier ~ ~· 
( 1985) ; and Munn ~~· (1982 ) r aised a ti tre of 1/1 1,000 using whol e A+ cell s . 
Trout anti se rum r aised in the pres ent s tudy posses se d agg lutinins agains t 
A bact e ria simila r t o those obtaine d by other wor ke rs , cited above. 
However, the l ow l eve l of an tibodies agains t A+ bact e ri a observed he r e 
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suggests that the A-protein was not highly antigenic. From a comparison 
of this and other studies, it would therefore appear that purified 
A-protein does elicit a good antibody response but is less immunogenic 
when a component of the whole bacterium. 
The association of A. salmonicida with adherent macrophages 
obtained from the kidney, spleen and blood of trout showed similar trends 
+ 
to those obtained with mouse macrophages, namely that A bacteria 
associated more than A- organisms when in a salts solution. Since this 
could be explained by the increased hydrophobicity conferred by the 
A-layer (3.8.0) enhancing phagocytosis, and since opsonization had been 
found to influence interactions with mouse macrophages, the effect of 
opsonization on association with trout macrophages was investigated . 
Using fluorescein-labelled yeast, in an assay that quantified adherence 
and internalization, it was found that neither temperature nor opsonization 
with normal trout serum significantly influenced the association with 
kidney macrophages. Parish (1981) found that dogfish phagocytes did not 
require serum factors for phagocytosis of yeast to occur . However, when 
bacteria were the challenge particles, association was found to be 
temperature dependent. Such differences may have been due to the test 
systems or to the involvement of different phagocytic mechanisms. 
Opsonization of the A strain of A. salmonicida with sera from normal 
and immunized trout resulted in a significant increase in association. 
This might be ascribed to immune adherence, to increased contact with 
adherent cells due to clumping inducing a higher settling rate and to 
increased hydrophobic ity. Normal serum in which complement had been 
inactivated gave rise to no increase in association, and no increase ~n 
bacterial hydrophobicity. Therefore, IgM, the specific immunoglobulin in 
fish (Cisar & Fryer, 1974; Dorson, 1981), or the natural heat-labile 
agglutinins in normal serum (Ingram, 1980) were required for opsonic 
adherence. Sakai (1984) showed that specific immunoglobulin and 
complement are required for phagocytosis by trout peritoneal macrophages. 
The results presented here show that opsonization of the A+ strain 
generally reduced association and hydrophobicity . 
Experiments to determine the outcome of phagocytosis of A. salmonicida 
by trout phagocytes by the assessment of viable counts were unsuccessful 
1n demonstrating any killing of either A+ or A strains. This failure, 
together with the inability t o demonstrate killing of A. salmonicida by 
mouse macrophages, suggests a yet undetermined limitation in the challenge 
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systems. Avtalion & Shahrabani (1975) demonstrated ~n vitro uptake and 
killing of Staphylococcus aureus by carp leucocytes in whole blood, but 
it is noteworthy that the total assay time was three hours, indicating 
that killing by fish phagocytes is a much slower process than in 
mammalian systems. 
The measurement of chemiluminescence (CL) emitted by phagocytes is 
used widely to study the kinetics of phagocytosis. CL is produced during 
singlet-oxygen-mediated killing (Allen, 1977; Trush ~al., 1978), and 
its degree of production varies with the cell type (Nelson~~., 1977); 
polymorphonuclear leucocytes eliciting a higher response than macrophages. 
Although originally measured directly, luminal-enhanced CL is now used 
extensively to detect enzymatically-produced pe roxide (Roswell & 
White, 1978; Seitz, 1978), since the amplification of the response by 
this agent allows small cell samples to be tested. However, CL responses 
do not always relate to susceptibility to phagocytosis (Welch , 1980). 
The finding in the present study that trout macrophages and blood 
leucocytes elicited a CL response indicates that a peroxidase-mediated 
killing system exists ~n these cells. Electron microscopical observat ions 
of the interactions between macrophages and bacteria revealed very little 
phagocytic ingestion, indicating that the CL responses were due to 
external cell surface interactions only. Active radicals have been found 
to exist extracellularly (Nelson~ al., 1977), and Briheim ~~· (1984) 
demonstrated a two-peak CL response composed of extracellular events 
followed by intracellular reactions mediated by myeloperoxidase and 
hydrogen peroxide. The biphasic response obtained with high concentrations 
of A. salmonicida may have been due to such events, or a two-phase 
attachment process, whereby clumps adhered first followed by smaller 
aggregates. 
The variation ~n CL response observed with macrophage samples 
obtained from individual fish may have been due to the inherent genetic 
variation in fish (Gj edrem ~al., 1977; Hartley & Home, 1983; 
Simon ~~., 1981). However, trends in responses to bacteria were 
similar between assays. Other workers have noted this quantitative, but 
not qualitative, variation (Stave~~. , 1983). 
Initial investigations using the mouse macrophage association assay 
and human PMN chemiluminescence had shown that opsonization with normal 
sera abolished the autoagglutination and reduced the hydrophobicity of 
+ A bacteria, with an accompanying decrease in association with mouse 
macrophages and a slight increase in CL by PMNs. Similar treatment of 
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A bacteria resulted in an increase 1n hydrophobicity and a corresponding 
increase in association and CL response. Therefore, interaction between 
A. salmonicida and phagocytes seems to be influenced by three parameters: 
(1) aggregate size of bacteria, (2) bacterial surface hydrophobicity 
and (3) specific immune interactions. 
Accordingly, the effects on A. salmonicida of var1ous sera - normal, 
immune and sera in which the complement had been inactivated by heating -
were assessed in relation to bacterial surface properties and host 
phagocytic CL response . It was considered that opsonization with 
mammalian sera would only influence general surface characteristics of 
the bacteria and would not be involved in specific immune interactions 
with fish phagocytes. A summary of the CL responses of various phagocytes 
to A. salmonicida and the effect of sera is shown in Tables 34 & 35. 
Opsonization of the A- strain by all sera, both mammalian and trout, 
apart from complement-inactivated normal rabbit and immunized trout, 
resulted in an increased cell surface hydrophobicity. The response of 
trout macrophages and leucocytes to this strain when opsonized with 
mammalian sera did not exceed that to unopsonized bacteria, which suggests 
that hydrophobic interactions were not of particular importance in the 
CL response of fish phagocytes to this strain. Opsonization with trout 
sera, and the involvement of specific immune interactions increased the 
CL response, even when opsonization was with normal serum. 
Although Wrathmell & Parish (1980a,b) failed to show Fe and C3 
receptors on dogfish, ray or plaice leucocytes, immune receptors have 
been indirectly shown in other fish species. Sakai (1984a) found that 
the phagocytic activity of trout macrophages increased when bacteria 
were opsonized with immune serum and complement. Griffin (1983) showed 
specific antibody to have an opsonic effect on phagocytic ingestion, but 
not intracellular killing, of Yersinia ruckeri by trout leucocytes. 
Stave~~· (1984) found the CL response of striped bass phagocytes to 
A. hydrophila to increase with opsonization and that zymosan opsonized 
with species homologous serum enhanced the CL response of channel catfish 
blood phagocytes . In higher fishes, therefore, specific immune 
mechanisms equivalent to the system 1n mammals, would appear to operate. 
Opsonization of the A+ strain by all mammalian sera resulted 1n 
(1) a reduction in cell surface hydrophobicity, (2) loss of 
characteristic autoagglutination in PBS (apart from when specific 
antibody resulted in clumping) and (3) a reduced CL response by trout 
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Table 34. Summary of the effect of sera on agglutination, hydrophobicity 
and chemiluminescence responses to A. salmonicida by trout 
phagocytes 
Strain 449 
Responses compared with those of unopsonized bacteria 
Preincubation 
serum 
Normal rabbit 
Normal rabbit 
(heat-treated) 
Immunized rabbit 
Immunized rabbit 
(heat-treated) 
Normal rat 
Immunized rat 
Normal trout 
Normal trout 
(heat-treated) 
Immunized trout 
Immunized trout 
(heat-treated) 
1 . . 1 Agg ut1nat1on 
Aggregates 
Aggregates 
Aggregates 
+ 
+ 
Aggregates 
+ 
Hydrophobicity2 Chemiluminescence3 
Decrease Decrease 
Decrease Decrease 
Decrease Decrease 
Decrease Decrease 
Decrease Decrease 
Decrease Decrease 
Decrease Decrease or equal 
Decrease with FCA 
(Decrease with 
leucocytes) 
Decrease Decrease or equal 
Decrease with FCA 
Decrease Decrease or equal 
Decrease with FCA 
Decrease Decrease or equal 
Decreas~ with FCA 
1 Reactions when bacteria resuspended in PBS (see 5.9 .1 ) 
- = No agglutination; + = agglutination identical to autoagglutination 
+ by untreated A bac teria in PBS; aggregates = distinct granular 
aggregations . 
2 See 5. 9. 2 
3 CL response of kidney macrophages unless othe rwise stated. 
FCA =kidney macrophages from fish injected with Freund's complete 
adjuvant. 
Leucocytes CL r esponse of blood leucocytes . 
(See 5.8. 5 - 5 .8.10) 
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Table 35. Summary of the effect of sera on agglutination, hydrophobicity 
and chemiluminescence responses to A. salmonicida by trout 
phagocytes 
Strain 449/3 
Responses compared with those of unopsonized bacteria 
Preincubation 
serum 
Normal rabbit 
Normal rabbit 
(heat-treated) 
Immunized rabbit 
Immunized rabbit 
(heat-treated) 
Normal rat 
Immunized rat 
Normal trout 
Normal trout 
Cheat-treated ) 
Immunized trout 
Immunized trout 
(heat-treated) 
A 1 . . 1 gg ut~nat~on 
± 
± 
Aggregates 
Aggregates 
Aggregates 
Aggregates 
Aggregates 
Aggregates 
Hydrophobicity2 
Increase 
Decrease 
(slight) 
Increase 
Increase 
Increase 
Increase 
Increase 
Equal 
Decrease 
Increase 
Chemiluminescence3 
Decrease 
Increase 
Decrease or equal 
Decrease or equal 
Equal 
Equal 
Increase 
Increase with FCA 
(Increase with 
leucocy tes ) 
Increase or equal 
Equal with FCA 
Increase 
Equal with FCA 
(Equal with 
leucocytes) 
Increase 
Equal with FCA 
1 Reactions when bacteria resuspended in PBS (see 5.9.1 ) . 
=No agglutination (typical A reaction); ± = slight agglutination; 
+ = large aggregates . 
2 See 5 . 9.2 
3 CL response of kidney macrophages unless otherwise stated. 
FCA =kidney macrophages from fish injected with Freund's complete 
adjuvant. 
Leucocytes CL response of blood leucocytes. 
(See 5 . 8.5- 5.8 .10) 
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phagocytes. The very slight degree of aggregation ~n normal rabbit serum 
may have been due to the long exposure time to very low levels of 
anti-A. hydrophila antibodies. With the A+ strain decreased hydrophobicity 
appeared to have more influence on bacterial/phagocyte interactions than 
increased association by clumping of bacteria or immune adherence. A 
similar trend occurred with trout sera, although some CL responses to 
opsonized bacteria were the same as with unopsonized cells. Both immune 
adhesion and hydrophobic interactions would therefore appear to be 
involved in the reactions between trout phagocytes and trout opsonins, 
the relative influence of each being dependent on the strain of 
A. salmonicida involved . + Although the CL response to unopsonized A 
A. salmonicida was greater than to A bacteria, the response to 
opsonized A+ and A organisms was the same. Thus, the initial finding 
that association of A. salmonicida with phagocytes was greater with the 
+ - + A than the A strain does not occur after incubation in serum. For A 
bacteria, hydrophobic interactions appear to be more influential than the 
action of specific immune mechanisms. 
In an attempt to identify the component of serum which bound to A+ 
bacteria and resulted in decreased hydrophobicity, normal rabbit serum was 
adsorbed with A+ and A A. salmonicida and its properties compared to 
other rabbit sera. The component was identified as being heat stable, 
neither complement nor specific immunoglobulin( since normal serum 
abolished agglutination before and after inactivation of complement by 
+ heating) and being capable of reacting with both A and A bacteria 
(since serum preincubated with both strains did not abolish A+ 
autoagglutination). IgG, IgM and complement increase bacterial 
hydrophobicity by opsonizat~on( Cunningham ~~·, 1975; Edebo ~ ~., 
1980; Van Oss ~~., 1975) but one component of serum, a 1-acid 
glycoprotein, has been found to reduce the hydrophobicity of coated 
bacteria (Van Oss & Gillman, 1972; Van Oss ~~·· 1975). The A-layer 
may adsorb this protein, or serum lipoproteins, onto the cell surface 
thus reducing the hydrophobicity of A+ strains . Opsonization with some 
other sera and proteins did not aid ~n the identification of the serum 
component responsible for reduction of A+ bacterial hydrophobicity, 
although mammalian serum contains a variety of components which may 
~ncrease or decrease surface hydrophobicity (Van Oss ~al., 197~. 
The reduced CL response by trout macrophages to heat-killed bac teria 
was probably due to the destruction of membrane components and integrity. 
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McCarthy et al. (1983) showed A-protein to be destroyed by boiling for 
15 min. In this investigation the 30 min heating at the same temperature 
presumably had the same effect on the A+ strain. Stave et~· (1984) 
showed the CL response to killed A. hydrophila and Aerococcus viridans 
to be reduced due to lack of motility by the former and unknown membrane 
damage in the latter. 
In the present study an attempt at stimulating the cell mediated 
arm of the immune response by injection of fish with Freund 's complete 
adjuvant had no effect on the CL response. Quantitative comparisons 
were not possible due to the high degree of variability in the magnitude 
of responses by different phagocytic cell preparations. Sakai ( 1984a) 
found that the degree of phagocytosis by peritoneal exudate cells was 
not influenced by prior stimulatory immunization of fish, and Avtalion 
& Shahrabani (1975) showed that neither ingestion nor intracellular 
bacterial growth were influenced by prior immunization. 
In summary, these investigations have shown that the degree of 
association of A. salmonicida with phagocytes is dependent on the 
presence of the A-layer and the environment in which interactions occur . 
Unopsonized A+ bacteria were found to associate with mouse and trout 
phagocytes more than A organisms. This can be explained by the 
increased hydrophobicity conferred by the A-layer. 
of opsonization was found to be strain dependent . 
However, the result 
+ . When A bacter1a were 
treated with serum, the A-layer functioned as an antiphagocytic factor 
by adsorbing heat-stable components (not complement or immunoglobulin), 
thereby reducing the cell surface hydrophobicity, which Van Oss ~~· 
(1975) state is a requirement for phagocytosis. Opsonization of A 
bacteria by host sera had the 'normal' effect and encouraged phagocytosis 
via hydrophobic and specific immune interactions. 
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CHAPTER 6. GENERAL DISCUSSION AND CONCLUSIONS 
This thesis presents the first detailed, quantitative study of the 
properties conferred by the A-layer on the cell surface of A. salmonicida, 
and the influence of this determinant on in vitro adhesion to tissue 
culture cells and association with phagocytes. 
Using the techniques of phase partitioning, 'salting out', 
hydrophobic interaction chromatography and contact angle measurements, 
the cell surface of A+ A. salmonicida was shown to be more hydrophobic 
than A derivatives. The A-layer was shown to comprise of polypeptide 
subunits by SDS-PAGE of cell envelopes of strains from different 
geographical locations. Such surface properties were directly related 
to culture characteristics and the influence of A-layer on culture 
kinetics confirmed observations by other workers. 
As an additional surface barrier, the A-layer did not confer any 
additional resistance to enzymatic attack, but had a marked effect on 
interactions with cells. 
Possession of the A-layer resulted in the increased adherence of 
A+ A. salmonicida t o many cell types, compared with A- bacteria, by 
non-specific hydrophobic bonding. Specific yeast agglutinins and 
haemagglutinins were found on A- strains of A. salmonicida, but 
+ . 
appeared to be masked by the A-layer on A bacter1a. Increased 
a t tachment to epithelial cells could be a key factor in primary lodgement 
of the pathogen, and could account for the association of virulence with 
possession of the A-layer. The finding that bacteria adhered maximally 
to a fish epithelial cell line implied some specificity of receptors on 
host cells. However, the mechanism of adhesion may be influenced by 
the physical conditions and the nature of the substrate, since in shaking 
+ 
adhesion assays the adherence patte rns of A bacteria t o isolated trout 
t issues were dif ferent from tissue culture monolayer assays. 
Although resistant to the conditions found in the fish gut, the 
observation that A+ A. salmonicida adhered more than A- cells to excised 
fish skin and gills may be more indicative of the route of infection. 
Bacteria have been shown to ente r fish readily via the gills during 
hype rosmotic inf i ltration (Bowers & Alexander, 1991) and t o be recove r ed 
l ate r from the spleen and kidney (Alexander~~·· 1981) . Alternative l y, 
i f gut infection doe s occur, the A-layer may act as an adhesin prior to 
the delayed release of degradative enzymes found by Titball (1983). 
The characteristic autoagglutination of A+ bac teria in saline was fo und 
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to depend on the concentration of bacteria, and as distinct clumps were 
not evident when challenge systems were examined by electron microscopy, 
did not appear to be a virulence mechanism, unlike the "infectious units" 
observed with gonococci (Novotny & Short, 1977). 
The interactions between A. salmonicida and phagocytes were 
initially studied using a mouse macrophage model system prior to extensive 
~nvestigations of host macrophage responses using chemiluminescence 
. + . 
assays. Although the CL response to unopson~zed A bacter~a was greater 
than that to A cells, after opsonization with a variety of sera from 
normal and immunized animals, the response to the two strains became 
similar. Opsonization increased the surface hydrophobicity of A- bacteria 
but decreased that of A+ cells. A+ A. salmonicida appeared to adsorb a 
heat stable, non-immunoglobulin, non-complement serum component, which 
resulted in reduced hydrophobicity and a reduction in autoagglutination. 
Relating these in vitro observations to the in vivo situation and 
the implications for disease control, investigations are required to 
establish the initial site of infection and the cellular events following 
initial contact between A. salmonicida and host phagocytes. The 
apparent involvement of the cell mediated arm (CMI) of the immune response 
suggests that this area may be the most productive in formulating 
effective prophylactic control . Treatment of fish with agents which 
non-specifically activate the CMI response may prove more effective ~n 
the control of furunculosis in the future. The mechanisms by which 
protective antibody operates are not known. However, a recent report 
has shown that the adherence of V. anguillarum to gut sections from 
vaccinated trout was less than to sections from non-vaccinated fish 
(Horne & Baxendale, 1983), so the local immune response may be important 
~n the initial stages of infection. 
In conclusion, this study has shown the A-layer to be a 
multifunctional virulence determinant, involved in at least two areas 
of the infection process. When present on bacteria outside the host, 
its primary function would appear to be to promote adhesion of 
A. salmonicida to fish epithelia, by conferring increased hydrophobicity 
on virulent strains. Although the gross pathology of furunculosis has 
been extensively studied (McCarthy & Roberts, 1980), the attachment 
phase of the pathogen has not been e lucidated. Most experimental 
challenges have involved infecting the fish by injection, in order to 
standardise the bacterial dose. However, this bypasses a crucial 
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initial step in infection and may introduce the bacterium in a state 
unlike that in the natural disease . 
When A+ bacteria in the serum-containing environment of the host 
become opsonized, the A-layer would appear to be an antiphagocytic 
factor, by adsorbing serum components and reducing cell surface 
hydrophobicity. Further studies, involving an intracellular killing 
assay, are required to elucidate the possible role of the A-layer in 
survival within host macrophages. 
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INTRODUCTION 
An important virulence factor of Aeromonas salmonicida appears to be the A-
otein (Kay et al. , 1981) , which is visible by electron microscopy as a layer 
vering the outer surface of most virulent strains but is absent from attenuated 
ains (Udey and Fryer, 1978; lshiguro et al. , 1981). The A-protein contains a 
h proportion of hydrophobic amino acids (Kay et al. . 198 1; Trust et al .. 
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1982), which confer an increased hydrophobicity on the surface of the bac· 
terium , as shown by salting-out , phase partiti on , and hydrophobic interactior 
chromatography (Parker and Munn , 1984; T . J . Trust , personal communication) 
The surface of many pathogenic bacteria has been shown to be of key importance 
in pathogenicity (Smith , 1977). The initial tep in the infection and colonizatior 
of an animal host by many bacteria is attachment to the epithelial surface (Ar 
buthnott and Smyth, 1979). Many factors influence thi s process , including hy 
drophobic interactions and the presence of specialised adherence mechanism: 
(Jones. 1977; Smyth et al., 1978; Jann et al .. I 98 1 ). In addition, the bacteria 
surface is an important factor in the ability of many pathogens to overcome tht 
humoral (Buchanan and Pearce, 1979; Braude , 198 1; Taylor. I 983) and cellula 
(Quie et at, 198 1; Wilton, 198 1) defence mechanisms of the host. Hydrophobi1 
interactions have been considered to be of particular importance in the interactior 
of bacteria with phagocytic cell (Van 0 set al. , 1975). 
ln this chapter , we report the results of in vitro experiments us ing virulent ant 
attenuated strains of A. salmonicida (which apparently differ only in the preseno 
or absence of the A-protein). These studies concern the haemagglutination pat 
ters of these strains and their association with various type of cells in culture 
D. MATERIALS AND METHODS 
A. BACTERIAL STRAINs AND CuLTIVATION 
Virulent strains of Aeromonas salmonicida posse sing the A-protein (A + 
449, 450, 451, CM30, BR! ) and , for some, their attenuated derivatives (A -
449/ 3, 450/3 , CM30/3) were used . The source of the trains and the method c 
attenuation , which results in apparently isogenic mutants differing only in th 
absence of the A-protein , are described elsewhere (lshiguro et al .. 198 1; Parke 
and Munn, 1984). Bacteria were ubcultured from a liquid nitrogen store ont 
tryptone soy agar (TSA, 48 hr, 20°C) prior to inoculating trypto ne soy brot 
(TSB) working cultures, grown for 18 hr at 20°C without shaking , and washe 
twice in phosphate-buffered saline (PBS). Bacterial counts were made using th 
Miles- Misra method on TSA after a 48-hr incubation at 25°C, and the resul 
were calculated as colony-forming units (cfu ) per millilitre. 
B. TISSUE CULTURE 
The mammalian cell line BHK-21 (baby hamster kidney) and the fish ce llli 
RTG-2 (rainbow trout gonad) were cultured in 25-cm2 ti ssue culture flasks 
their optimum growth temperatures of 37°C and 20°C , respectively. BHK-
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vas maintained in Glasgow modified Eagle' s medium (Flow Laboratories) sup-
,(emented with I 0% tryptose phosphate broth and 10% newborn calf serum in an 
tmosphere of 5% C02 , and RTG-2 in Weymouth medium-Glasgow modified 
~agle's medium supplemented with I 0% tryptose phosphate broth , I 0% foetal 
alf erum, and buffered with I M Tris-HCI (pH, 7.2-7 .4). Confluent mono-
~yers were dissociated by incubation with trypsin-EDTA and 0.2-ml aliquots 
'laced into wells of microtitre trays (Ste rilin). After 24-hr incubation under 
ppropriate conditions, the monolayers were washed twice with one-quarter 
trength Ringer 's so lution prior to the adhesion assay. 
Peritoneal macrophages were obtained from mice 4 days after stimulation with 
% oyster glycogen in saline. After aspiration of the peritoneal cavity with 5 ml 
issue culture medium 199 (Flow) supplemented with sodium bicarbonate, glu-
lmine, and I 0% newborn calf serum, cells were allowed to adhere to the 
1icrotitre tray wells for 18 hr at 37°C in an atmosphere of 10% C02 . After being 
tashed with one-quarter strength Ringer's solution to remove unattached cells , a 
ensity of approximately 5 X IQ4 macrophages per well was obtained. 
:. RAnlOLABELLlNG OF BACTERIA 
Bacterial suspensions of strains 449 (A +) and 449/ 3 (A - ) were adjusted to a 
ensity of approximately I 08 cfu/ ml in PBS containing I% unlabelled glucose 
nd 0.5 ~J.Ci /ml 14C-protcin hydrolysate (Amersham). After 0.5 hr incubation at 
.0°C, the bacteria were washed twice in PBS and resuspended in appropriate 
issue culture media. 
). HAE MAGGLUTINATION 
Bacterial suspensions in PBS were adjusted to an A590 of 1.0, and 200 !J.I 
1ixed with 200 !J.I of human (AB), horse, rabbit , rat. guinea pig, and rainbow 
·our erythrocytes (3% in PBS) in WHO plate wells. Agglutination patterns were 
bserved after incubation for I hr at room temperature. For sugar inhibition 
l~d::ilsi.OO mM mannose, glucose, fucose , and galactose were incorporated in 
• ADHESION AssAY 
Bacterial adhesion to lhe BHK-2 1 and RTG-2 monolayers was determined at 
eir optimum growth temperatures by adding 0.1 ml radiolabelled bacteria in 
eymouth medium (without serum) to each well monolayer. At various time 
tervals up to 90 min, unattached bacteria were removed by washing twice with 
2 mJ of one-quarter strength Ringer's solution. The cell layer was solubilised 
incubation with 0 . 1% Triton X-100, and radioactive counts were determined 
liquid scintillation counting with Unisolve (Koch-Light) scinti llant. 
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TABLE I 
Haemagglutination Panern of Aeromotuls salmouicida 
Agglutination of erythrocytes" 
Strdin A-layer Human Horse Rabbit Rat Guinea pig Trou 
449 + + + + + + + 
449/3 :!: 
450 + + + + + + + 
450/3 :!: :!: 
451 + + + + + + + 
CM30 + + + :!: + + 
CM30/3 :!: :!: 
BRI + + + + + + + 
"+, agglutination; :!: , slight agglutination: - . no agglutination . 
The number of bacteria remaining bound to the cell layer was calculated as : 
percentage of the original inoculum per well. 
f. AssOCIATION WITH MoUSE MACROPHAGES 
The association of radio labelled bacteria with mou e macrophages was deter 
mined at 37°C and 0°C in air. Radiolabelled bacteria were suspended in tissw 
culture medium 199 and 0.1-ml volumes added to each well. The procedure fo 
washing and radioactive counting was the same as that used in the adhesi01 
assay. 
ID. RESULTS 
A. IIAEMAGGLUTINATION 
The haemagglutination pattern of the A + and A - strains of Aeromonas sal 
monicida is shown in Table I. Those strains possessing the A-layer generall 
caused strong agglutination , and those lacking the A-layer failed to agglutinat 
the red cells or did so very weakly. Agglutination was not inhibited by man nose 
glucose, fucose, or galactose. 
B. BACTERIAL ADHESION 
The kinetics of adhesion to continuous cell lines of an A + strain (449) and i 
A- derivative (449/3) were studied. Adhesion to both BHK-21 (Fig. I) a 
RTG-2 (Fig. 2) monolayers was greater for the A + strain than its A - derivativ 
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AssociATION WITH MousE PERITONEAL 
MACRO PHAGES 
101 
The association of strains 449 and 449/3 with mouse macrophages at 37°C and 
'C is shown in Fig. 3. The association of bacteria with adherent macrophages 
as approximately twice as great for the A + strain as for its A - derivative, and 
as greater at 37°C than at ooc. 
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IV. DISCUSSION 
The use of haemagglutination and radioactive binding assays to study bacteri 
a sociations with cu ltured cell has shown that A + (virulent) train of Aer. 
monas salmonicida have a greater adhesive ability in vitro than A - (aviruler 
strains. Haemagglutination is a technique widely used to indicate the abi lity 
bacteria to attach to eukaryotic cells, and the ability of various sugars to bloc 
this proces can provide information on the nature of cell surface receptors (01 
1972; Ofek and Beachey, 1978). However, dir~ct correlation between haem 1 
gl utination patterns and adhes ion to other cell types is not a lways possible (J 
er al., 198 1). 
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FIGURE 3. Association of A . . mlmonicida with mou~c macrophage~. The original inoculum for 
eh strain was 2 x 106 c fu per we ll. Stra in 449 at 37•c. • -- - • : ~trai n . 449 at o•c. 0 - -0 : 
rain 449/3 at 37°C . .& - -- .&; wain . 449/ 3 at o•c. 6.--6. . Each point i~ the mean of re~ults 
om three replicate well~ . 
I.n this study. erythrocytes were strongly agglutinated by A + strains of A. 
lmonicida, and specific sugars did not inhibit the process. Also , A + strains 
owed high association with fish and mammalian cells. Together, these findings 
dicate that the binding is general rather than specific , and is probably a conse-
ence of the marked hydrophobicity of the surface of A +- strains. 
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The significance of these phenomena in vivo is unclear. We are present!] 
studying the attachment of A. salmonicida to host epithelial cells and phagocytit 
cells, and following their subsequent fate, in order to determine whether thest 
processes are important in infection . increased attachment to epithelial cell: 
would be a key factor in primary lodgement of the pathogen, and could accoun 
for the association of virulence with the possession of the A-layer. Increase< 
association with phagocytes would appear not to be in the pathogen 's favou 
unless its possesses a mechanism for intracellular survival. It has been show1 
that A + bacteria accumulate and multiply within the principal phagocytic organ: 
following experimental infection (Munn and Trust, 1982), although the cellula 
events following the interaction of the pathogen with host phagocytes are not ye 
known. 
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1. SUMMARY 
The cell surface of strains of Aeromonas 
salmonicida possessing an additional surface pro-
tein (A-protein) was shown to be more hydro-
phobic than strains devoid of this protein, using 
the techniques of phase partitioning, agglutination 
in the presence of ammonium sulphate and hydro-
phobic interaction chromatography. 
2. INTRODUCTION 
A eromonas salmonicida produces the disease 
furunculosis in fi sh, particularly important in the 
intensive farming of salmonids [1]. In order to 
produce an effective vaccine it is important to 
understand the mechanisms by which the patho-
gen colonises the host and evades or counteracts 
the various defense processes directed against it. 
The principal vi rulence determinant appears to be 
an additional layer [2], shown to be composed of a 
protein of 49 kDa, that covers the surface of 
virulent strains [3]. Analysis of this protein (A-pro-
tein) has shown it to be composed of a high 
• To whom correspondence should be addressed. 
percentage of hydrophobic amino acids [3]. Also, 
virulent strains have been found to autoaggregate 
in liquid culture [2] and saline and to grow with a 
characteristically sticky ice-hockey puck colony on 
solid media [4]. 
These observations suggest that the cell surface 
of strains of A. salmonicida possessing the A-pro-
tein is more hydrophobic than st rains devoid of 
this additional layer. In this paper we describe the 
results of phase partitioning (5], 'salting out' [6] 
and hydrophobic interaction chromatography 
(HIC) [7], to investigate this property. 
3. MATERIALS AND METHODS 
3. 1. Bacterial strains and cultivation 
Virulent strains of A. salmonicida (strain num-
bers 449, 450, 451, CM30) and apparently isogenic 
mutants differing only in the presence or absence 
of A-protein were used, and are designated A + 
and A - , respectively. The A - derivatives (449/ 3, 
450/3, 451/ 3, CM30/ 3) were obtained by growth 
of A + strains at elevated temperature [8]. Loss of 
A-protein was demonstrated by electron micros-
copy and SOS-PAGE of outer membranes ([3] 
and N. Parker, unpublished). Stock cultures were 
0378-1097j 84j $03.00 © 1984 Federation of European Microbiological Societies 
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maintained m liquid nitrogen and ub-cultured 
onto tryptone oy agar for 48 h at 20°C, then into 
tryptone soy broth (TSB) without shaking, prior to 
the production of working TSB cultures. 
Escherichia coli strains 681 (expresses the K88 
pilus antigen) and 6811 (K88 - ) were sub-cultured 
from liquid nitrogen onto nutrient agar at 37°C 
and then passaged twice through unshaken brain 
heart infu ion broth. 
For experiments, 18-h broth culture were 
washed twice in the buffer appropriate for each 
test and resu pended to the required ab orba nce at 
590 nm. 
3.2. Phase partitioning 
The eight strains of A. salmonicida were tested 
for their ability to adhere to the hydrocarbon 
phase of an octane/ phosphate-buffered sa line 
(PBS) partitioning system [5]. Bacterial suspen-
ions in PBS were adju ted to an A 590 of approx. 
0.2, and 1.2 ml vols. were added to va rious volu.mes 
of n-octane in 10-mm diameter glas tube . After 
90 s agitation on a rotamixer the mixture were 
allowed to stand for 15 min to allow the hydro-
carbon layer to rise completely and the absorbance 
of the aqueous phase compared with the original 
PBS suspensions. 
3. 3. Salting out 
This method measures the molarity of am-
monium sulphate required to cause agglutination 
of bacterial suspensions [6]. A solution of 4 M 
ammonium sulphate in 0.002 M sodium phosphate 
(pH 6.8) was serially diluted using 0.002 M odium 
phosphate to give concentrations from 4.0 M- 0.02 
M differing by 0.2 M increments (from 4.0- 0.2 M) 
and 0.02 M (from 0.2- 0.02 M). When necessary 
the pH was adjusted to 6.8 using NH 40H. Sus-
pensions of A. sa/monicida were washed and resus-
pended to an A 590 of 1.0 in the sodium phosphate 
and 25 p.l was mixed with 25 p.l of the salt solution 
on a glass slide for 2 min with 1 min gentle 
rocking. Agglutinations were compared with a 
positive control using the 4 M olution and a 
negative control (no agglutination) in sodium 
phosphate only. 
3.4. Hydrophobic interaction chromatography 
Retention of bacteria on phenyl- and octyi-
Sepharose (Sigma) was determined in the presence 
o f 1 M ammonium sulphate [7] and PBS. Bacterial 
suspensions (100 p.l) in 17.5 mM phosphate 
buffer- 1 M ammonium sulphate (pH 6.5) or in 
PBS (pH 7.4) were placed on a column of deriva-
tised Sepharose (pasteur pipette plugged with glass 
wool and packed with 0.6 ml of gel equilibrated 
with the same buffer) and incubated at room 
temperature for 10 min. The column was then 
wa hed with 5 ml of the buffer, the ab orbance of 
the eluate compared with that of the original sus-
pension diluted accordingly (100 p.l + 5 ml buffer), 
a nd retention values calculated. £. coli trains were 
run for comparison. All experiments were con-
ducted in duplicate at room temperature. 
4. RESULTS 
4.1. Phase partitioning 
Following phase separation, the absorbance of 
the aqueous layer was calculated as a percentage 
o f that of the original su pen ion. 
A decrease in ab orbance of the aqueous phase 
is a measure of cell surface hydrophobicity. In all 
cases (Fig. 1) the A + strain showed a significant 
decrease in absorbance compared with its A -
derivative; the most marked difference being be-
tween CM30 and CM30j 3. 
Table 1 
Determination o r cell surface hydrophobicity by ·salting out' 
Strain 
449 
449/ 3 
450 
450/ 3 
451 
CM30 
CM30/ 3 
Bacterial agglutination • 
0.02 
3.2 
0.04 
3.4 
0.04 
O.o2 
3.4 
• Lowest molarity of (NH 4 )zS04 solution eau ing agglutina-
tion. 
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Fig. 1. Phase partitioning of virulent, A + <•) and attenuated. A (D) s trains of Aeromonas sa/monicida. 
4.2. 'Sa/ring out' 
The greater the hydrophobicity of the cell 
surface, the lower is the salt concentration required 
to cause agglutination with thj technique. Com-
paring strains of A. sa/monicida (Table 1) the A ... 
strains agglutina ted wi th much lower concentra-
tions of ammonium sulpha te than A - strains with 
neither agglutinatjng in the absence of this sa lt 
and both agglutinating with the 4 M solution (i.e., 
the controls were effective). 
4.3. HIC 
On both phenyl and cetyl Sepharose, A + strains 
were retained to a greater ex tent than A - strains 
(Table 2). As expected, strain 6811 was not re-
tained to any appreciable extent as it does not 
express the required pili . Strain 681 was retained. 
but not completely, as observed previously (7,9] 
probably due to diffe rences in the degree of 
expression or nature o f pili from the K88+ strain 
that was used. Comparing retentjon of A + strain 
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Table 2 
Results of HI C on phenyl and octyi-Sepharose in the presence of ammonium sulphate-phosphate buffer and PBS 
Retention (%) 
Phenyl- Sepharose Octyl- Sepharose 
AS PBS AS PBS 
Abs Rei Abs Rei Abs Rei Abs Rei 
Strain 
CM30 34 89 32 84 34 89 32 84 
CM30/ 3 24 63 4 11 24 63 4 11 
449 32 84 28 74 36 95 38 100 
449/ 3 2 5 6 16 0 0 5 13 
450 35 92 33 87 34 89 36 95 
450/ 3 22 58 12 32 17 45 12 32 
68 1 52 5 68 0 
6811 0 N.D. 14 N.D. 
AS. ammonium sulphate; PBS. phosphate-buffered saline; Abs. values relative to the u~penston added; Rei. values for Aeromonas 
strains relative to those obtained with 449 on an octyl- Sepharose column with PBS; .D .. not determined. 
with 681 the hydrophobicity conferred by A-pro-
tein seems to be more intense than that conferred 
by K88 pili as the A + strains were retained to an 
equal extent on bo th columns whether in ·am-
monium sulphate or PBS, but 681 did not adhere 
in a PBS system. 
5. DISCUSSION 
The three methods used clearly show that A + 
(virulent) strains of A. salmonicida have a more 
hydrophobic outer cell surface than A - (avirulent) 
s tra ins and are consistent with the findings of 
Trust et al. (personal communication). Hydro-
phobic interactions may be important in adhesion 
of bacteria to host cells [9] and phagocytes [10]; 
and cell wall structures are known to be involved 
in various types of interference with phagocytic 
activities [11]. The precise role of A-protein in the 
pathogenesis of furunculosis is not yet known but 
the protein does seem to be immunogenic [12,13] 
and it may confer resistance to killing by normal 
trout serum [14]. Resistance to serum killing, how-
ever, seems to reside primarily in the lipopolysac-
charide component of the cell wall [14] so the 
major virulence function of A-protein probably 
lies elsewhere. The fate of A + and A - strains in 
vivo (C.B. Munn and T.J. Trust, unpublished) 
suggests that A + strains have the ability to survive 
in the major phagocytic organs of the fish host. 
We suggest that our finding that the A-protein 
confers hydrophobic properties on the cell surface 
has important implications in the elucidation of 
pathogenic mechanism of A. sa/monicida and 
might also be exploi ted in diagnostic work since 
differences in hydrophobicity are related to viru-
lence. 
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Properties of the cell surface of Aeromonas salmonicida 
Nigel D. Parker 
Abstract 
The properties of the cell surface of Aeromonas salmonicida were 
studied, with particular emphasis on the additional surface layer 
(A-layer), found on virulent strains. This was identified by electron 
microscopy, as having a tetragonal subunit morphology; and by 
e*ectrophoresis of membrane components as a 51 kdal protein on A+ strains. 
A and A- strains, (the latter isolated by growth at elevated temperature), 
were compared biochemically and their interactions with various cell 
types investigated. 
Strains of A. salmonicida possessing the A-layer were shown to be 
more hydrophobic than those devoid of this protein. The influence of 
culture age, medium composition and subculture on hydrophobicity were 
investigated and hydrophobicity related to culture characteristics. 
+ No difference in enzyme susceptibility between A and A 
A. salmonicida was found and both phenotypes showed similar tolerance 
to other env~ronmental conditions. 
The interactions between A. salmonicida and cells in vitro were 
studied using adhesion and association assays involving radiolabelled 
bacteria, viable count determinations, haemagglutination and 
chemiluminescence. 
+ A • • A .•• salmon1c1da were found to adhe~e to a greater extent than 
A bacter~a to t~ssue culture cell lines and to isolated fish tissue by 
non-specific hydrophobic interactions. Adhesion was maximal to a fish 
epithelial cell line and the effects of various environmental conditions 
on adhesion were determined. A- bacteria more commonly exhibited 
haemagglutination which was inhibited by specific sugars. 
A+ bacteria associated more than A- organisms with mouse peritoneal 
macrophages and rainbow trout phagocytes when in salts solutions. The 
effects of opsonization on A. salmorticida were strain dependent. 
Incubation in a variety of sera resulted in a decrease in A+ surface 
hydrophobicity, often accompanied by abo~ition of characteristic 
autoagglutinability, whereas opsonized A cells became more hydrophobic. 
These properties directly influenced the chemiluminescence response of 
trout macrophages. 
